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Jack Sprat, they say, could eat no fat. 

One can only speculate on the metabolic 
disorders which led to this curious 
condition and wonder if our present 
knowledge could have helped produce 
something more suited to his digestive 
system. For we know a great deal now, and 
much of it is set out in the collective 
writings of Bailey, Deuel, Hilditch and 
Lovern. Yet the things we do not know will 
provide fruitful ground for research for 
many years to come. 

The structure of giycerides alone— 
basically simple but infinitely variable—is a 
matter of perennial interest whether one is 
concerned with natural occurrence, 
chemical formation, physical behaviour or 
biological purpose. How significant is the 
use of a trihydric alcohol? Why are natural 
fats so specifically constituted? Is it 
fortuitous or predestined that 
1-oleo-distearin and 2-oleo-distearin should 
have such contrasted physical properties? 
Do species of natural occurrence represent 
the limit of useful glycerides? How much 
can a study of model systems contribute 
to an understanding of natural products? 
To what extent does structure influence 
emulsion systems? 

Fats are of prime importance to Unilever, 
academically—as a means of understandiny 
their role in animal and human nutrition— 
and commercially for margarine, for 
cooking and bakery fats, for ice cream. 

So Chapman, Crossley, Lavery and their 
colleagues are engaged in a continuing 
study of all those aspects of structure 
relevant to their understanding and use. 
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An electron micrograph of a neuro- 
muscular junction—the site where nerve 
» impulse is transmitted to the muscle 
; (magnification x 37,000). 
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THE PROGRESS OF SCIENCE 


A warning from the BA 


The British Association meeting in 
Norwich opened with the Presidential 
Address by Sir Wilfrid Le Gros Clark, 
F.R.S. It was called ““The Humanity 
of Man,” and ended with these words: 
** . . we need to press ahead in our 
efforts with the utmost vigour, for the 
dangers which now threaten the unity 
of mankind are formidable indeed. 
And time is getting very short.”’ Within 
36 hours the Russians began their 
series of nuclear tests. 

The timing, if accidental, was drama- 
tic. For in his opening address Sir 
Wilfrid was making a passionate yet 
profound plea for international co- 
operation. His theme was the evolu- 
tion of man and the growth of human 
societies—above all, the evolution of 
the element of co-operation which has 
always (or nearly always) been the 
dominant feature in the social organisa- 
tion of human communities, and the 
outstanding human gift of adaptability. 
Since the emergence of Pithecan- 
thropus, man has assimilated smaller 
groups into larger groups of increas- 
ingly complex structure—families into 
groups of families, into clans and 
tribes, and later into economic and 
political groups such as states, federa- 
tions of states, and the United Nations. 
In spite of frequent set-backs, there 
has been ‘a broad historical trend in 
the direction of a progressive unifica- 
tion of mankind.” 

And yet in this progress, Sir Wilfrid 
said, there is a distressing paradox— 
as the units of social co-operation 
become larger so the tendency for their 
segregation into populations with con- 
flicting economic and _ ideological 
interests increases. ‘““Thus the historical 
process of unification has tended to 
slow up and ultimately threatens to 
come to a halt. If it has sometimes 
been the outcome of conflict in the past 
this can no longer be envisaged as 
practicable in the future.” 

In overcoming this dilemma science 
has a vitally important part to play. 
Science is itself a unifying force— 
scientists of all countries are impelled 
to develop close relations with others, 
they deplore secrecy and thrive on co- 
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operative efforts. Also “‘the universa- 
lity of the logic of scientific method 
permits an intimacy of understanding 
hardly possible in fields of learning 
where there are fundamental conflicts 
of opinion derived from preconceived 
convictions and beliefs based on un- 
verifiable evidence.”’ By its very nature 
science imposes on the scientist and the 
scientifically-minded an ethical code of 
profound respect for objective truth— 
an ingrained and almost instinctive 
habit of truth which is perhaps unique 
to science. 

If it is to foster these qualities, and 
perhaps spread them beyond science to 
the areas where they are most needed, 
Sir Wilfrid urged that the growing 
trend towards more international con- 
ferences should be accelerated. In 


addition, scientists should aim at 
supplementing “national” research 
institutions by “regional” research 


institutions for the study of problems 
of common interest in different areas. 
Already there are such organisations 
as the Arid Zone Commission, the 
centres of research on locust control, 
Pacific Science Association, and 
apart from the F.A.O., the World 
Meteorological Association, the World 
Federation for Mental Health, and the 
World Federation for Neurology with 
their truly international membership. 


Machines to control 
scientific babel 


The output of scientific publications 
doubles every 15 years, and already the 
number of journals published in the 
world each year has reached 20,000. An 
increasing number of these are in 
foreign languages, making _ the 
scientist’s task of keeping in touch 
almost impossibly difficult. Yet if each 
country had one large computer to 
translate all foreign scientific material 
into its own language, this vicious 
circle could be broken. A number of 
laboratories, including the National 
Physical Laboratory and two in the 
US., have been working on the devel- 
opment of computer programmes for 
this task and are now very near 
achieving “acceptable” translations. 


Some of these most recent advances 
were discussed at N.P.L. last month 
during the first international conference 
on Machine Translation of Languages 
and Applied Language Analysis, which 
was attended by more than 300 dele- 
gates from half a dozen countries. The 
real importance of the conference lies 
in the second half of its title. Until 
recently machine translation was the 
province of the engineer and program- 
mer—all one had to do was to develop 
large computer stores and programme 
them with a vast language dictionary. 
This idea is now considered to be 
utterly fallacious. The problem is to 
get machines to translate well enough 
to be useful, and no amount of 
mechanical word-for-word translation 
will ever achieve this. At the present 
state of the art the gist, for instance, 
of a page of Pravda (including the 
jokes) comes across, but nothing else: 
we are still at the stage when a com- 
puter translator can put the phrase “out 
of sight, out of mind” into Russian, and 
then back into English, and come up 
with the cryptic answer “invisible 
idiot.”” Symbolism, imagery and ellipsis 
in language still baffle the machine. 


In a recent test at U.S. Congressional 
hearings on this subject a chemical 
experiment was machine-translated 
from a Russian paper and judged to be 
satisfactory by eight chemists out ofa 
sample of nine. Yet it took them three 
times as long to disentangle the 
“machine language” than it would have 
taken them to read a human-translated 
version. 


For this reason, the emphasis has 
now shifted towards linguistic analysis, 
and the main theme of the conference 
was to discuss various approaches to a 
better classification and analysis of 
language and its basic structure. There 
was a wide spread of opinion as to how 
successful this may be. Enthusiasm 
ran from the merely lukewarm to the 
view of Miss Margaret Masterman, of 
the Cambridge Language Research 
Unit, who described the possibilities 
opened up for language analysis by 
machine as likely to produce a com 
plete revolution in semantic, logic and 
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Won’t Mum be pleased! 


No doubt she’s used to it by now. And, as Dad says, 
let's encourage the lad, he may be a star one day— 
even if he does get dirty. Anyway, washdays are not 
half as much work as they used to be before hot water 
was on tap and washing machines were invented—and 
before Shell pioneered modern detergents. 

Shell are large suppliers of detergent bases and 
intermediates to the makers of many branded products 
whose names are household words. For industrial and 


commercial cleaning, Shell’s own brand ‘Teepol’ is 
by far the most widely used product. 

If better detergents can make your business more 
efficient, either in the cleaning of premises or plant, or 
in product processing, then get in touch with Shell who 
may well be able to help you. 

Write to the Information Officer, Industrial Chemicals 
Division, Shell Chemical Company Limited, 170 Piccadilly, 
London W.1 


Shell Chemicals 








linguistic studies. In a mischievous 
aside she added that one result of this 
work might be that the philosophers, 
especially the Oxford school, will be 
“fundamentally unseated.” 

Sir Gordon Sutherland F.R.S., con- 
ference chairman and director of the 
N.P.L., considered that the political 
solution to the digestion of scientific 
papers was simpler than the scientific: 
“Let each country adopt a common 
second language in its educational 
system, preferably English.” The 
present trend is in the opposite direc- 
tion, that is towards an increasing 
multiplication of languages in which 
scientific material is published. 

In view of this trend M.T. seems to 
offer both a swifter and cheaper system 
than human translation—even if there 
were enough human translators to go 
round. (At present the N.P.L. can only 
handle the translation of abstracts of 
papers because of this shortage.) The 
cost of translation of Russian scientific 
papers now runs at 3d. per word, and 
rather more for books. Sir Gordon 
estimated that the cost of M.T. when 
it has got into its stride will be only 
26d. The machine the N.P.L. is pro- 
gramming for M.T. is expected to trans- 
late 3,500 words per hour. 

A huge American project for 
machine translation is now in hand. 
The plan is to translate all Russian 
work in economics and _ organic 
chemistry and it is expected that this 
task will be finished in two months’ 
time. The conference was told that by 
the end of a further year, ten other 
scientific disciplines will have been 
completely translated from Russian 
by machine. 


New energy for 
under-developed nations 


The United Nations’ conference on new 
sources of energy, held in Rome during 
August, can be seen as laying the first 
steps towards a new and potentially 
extremely exciting way of assisting the 
under-developed countries. The fact 
that the sources of energy concerned— 
geothermal, solar and wind-power— 
are not new is obvious. What is new, 
and important, is that the considera- 
tion of the subject was especially 
aligned to see how much, if at all, the 
development of these energy sources 
could be adapted to the use of the 
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A new apparatus for recording brain waves 
in humans and animals, developed at the 
Weizmann Institute of Science, Israel—a 
miniature transmitter that will enable electrical 
brain activity to be recorded without the 
elaborate wiring systems used in conventional 
instruments. The apparatus weighs less than 
an ounce and is smaller than a |? inch cube. 
The absence of connecting wires will make it 
possible to investigate subjects under more 
natural conditions. 


countries which have little hope of 
acquiring the technology, or raising the 
funds, to supply their energy require- 
ments by what are now the orthodox 
means—hydro, thermal, diesel and 
even, in this context, nuclear power. 

This is especially interesting because 
of the hopes raised, largely through 
over-exuberance on the part of a few 
people, at the first U.N. Nuclear Energy 
Conference in 1955. Then it was 
almost made to seem as if this latest 
source of power would answer nearly 
all the energy problems of the under- 
developed countries. It took only a 
little thinking and some rather more 
hard-headed examination of the facts 
and figures to see that this was far from 
being the case. But with at least two 
of the sources considered in Rome— 
solar and wind-power-—a more hopeful 
answer may be found. 

The third source, geothermal 
energy, is a wonderful thing for those 
who have it. Almost every delegate to 
the conference visited Italy’s impressive 
power stations at Larderello in 
Tuscany, which not only supply most 
of the power for the Italian State 
Railways (they could in fact provide 
all of it) but also form the basis of a 
rapidly growing chemical industry. But 
only a very few countries, including 
Iceland, Italy, New Zealand and the 











United States, are in a position to 
develop and use such power at present, 
Even though geological exploration 
may show that others have similar 
resources, under-developed countries as 
a whole have little to hope for here, 

With wind and sun, the situation is 
different. All the really poor 
countries have these, often in excess for 
comfort. They cost nothing, their 
supply is unlimited (if somewhat 
erratic) and, gradually, as the confe 
rence was at least able to show, means 
of putting them to economic use are: 
being worked out. Typical of the 
ideas now being developed is the use of 
wind to power an extensive pumping 
system in Egypt, both for bringing 
water up for irrigation purposes, and 
also, possibly, for getting rid of saline 
water out to sea, as for example in the 
Nile Delta. Because wind is erratic, 
many people have decried its use with- 
out thinking the problem through to 
one of its logical conclusions. But this | 
also has now been done: why not use 
wind-power for a grid system where at 
certain times of the year it could help 
relieve peak loads and save fuel in the 
conventional stations that are at present 
the only source in many countries. This 
could be the case especially in the 
coastal areas of tropical countries, 
which tend to lack hydro-power as well 
as the fuels which help to make thermal 
power less expensive. 

Solar energy, it is true, may lk 
harder to harness for useful power 
generation in many countries. But it 
is almost bound to provide the answer 
sooner or later, whether for small, 
specialised units for domestic uses of 
for complete energy provision in such 
areas as the Sahara. As _ Professor 
Thacker pointed out in his excellent 
summary of the field, two major 
breaks-through are still needed: a satis: f 
factory method of storing solar energy, 
and a cheap and efficient means of 
converting it to electricity. Yet it is} 
evident from the many thoughtful 
papers read in Rome that a lot of hard J 
work and original thinking is already) 
going on into these problems, and small f 
solar units are certainly coming. 

One line in which the conferenc 
seems to have given less encouragemetl F 
is the electro-chemical storage methods. 
The authors of papers in this field, 
which included Mr Francis Bacol 
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g MEET THE DEMANDS OF EDUCATION 


80 units are now installed in the new David Keir Building, 
Queen’s University of Belfast. 








Over 5,500 AC/DC. Low voltage 
Experimental Power Units, having out- 
puts AC/DC. 40 amps at 0-14 volts 
32 amps at 14-18 volts, have been 
supplied to Universities, Technical 
Colleges, Grammar Schools and 
Secondary Modern Schools. 


Photographs by kind permission of Queen's University, Beltast 


i The front panel is hinged to expose the wiring and com- 
ponent parts for teaching, and the interlocking isolation 
switch renders the unit “‘ dead” and quite safe to handle. 
These units meet the full requirements of Education Com- 
mittees. Full technical specification will be sent on request. 
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Pure and very pure hydrofluoric acid and pure and vd © ° 
very pure fluorides are quite outstanding 
examples of B.D.H. Fine Chemicals for Industry. Fluorides ] B 
for special fluxes, fluorides for optical pieces LB 8 
and crystals, magnesium fluoride for coating lenses— 
at one time a British Admiralty secret and now a 
process adopted by leading manufacturers of cameras, binoculars 
and other instruments in all countries—and fluorides 
for many other purposes are becoming so important 
that they may be called a major B.D.H. interest. You may, 
if you are interested, buy them in laboratory 


or even super-laboratory quality by the ton. 
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FOR INDUSTRIAL USE 


THE BRITISH DRUG HOUSES LTD - POOLE . DORSET 
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of fuel-cell fame, were unanimous in 
agreeing that it is going to be a very 
considerable time before this method of 
storing energy pays in the way that may 
make it viable for the use of the under- 
developed countries. However, this 
will not deter research into this parti- 
cular break-through, any more than 
difficulties will deter someone as 
original as Mr Hugo Melzer of Brazil, 
the author of the paper following Mr 
Bacon’s. 

Mr Melzer’s paper was deceptively 
entitled “Gas production by destructive 
distillation using solar heat in combi- 
nation with a_ self-sufficient gas 
generator and gas storage tank for con- 
tinuous gas and power supply.” His 
source of energy is not the sun itself but 
the fruit of the babassu palm (which 
like all plants, of course, is a solar 
energy converter) which contains large 
quantities of oil and enough carbon- 
aceous material to provide the neces- 
sary gas. Using 3,000 palm trees per 
hectare, Mr Melzer has worked out a 
complete scheme for 145 micro-power 
stations, using solar energy for coal and 
steam production as a supplementary 
to the gas from his huge palm nuts. 
Even the transport system would be 
run on “gasogene” trucks. 

The really valuable contribution of 
the conference as a whole, however, 
is that for once a group of experts 
collected by the U.N. has got down toa 
problem by considering how countries 
can profit from essentially small, low- 
cost units, using unlimited raw 
materials, and avoiding the vast com- 
plex of big power stations and grid 


systems which conventional and nuclear 
energy systems require. This con- 
ference, the first of its kind, should do 
in its way as much to advance science 
and technology as did that of 1955— 
and far more for the “have-not” 
countries in which two-thirds of the 
world’s population live. 


Advent communications 
satellite 
Details of Project Advent—the space 
communications system being devel- 
oped for U.S. military purposes—have 
now been disclosed by the Department 
of Defense. This is a satellite com- 
munication system which will carry 
active repeaters for microwave signals 
aboard the vehicles and is being 
engineered by the U.S. General Electric 
Company. Advent is still at the 
development and _ feasibility-testing 
stage but contracts have been let for 
the large ground installations which 
will combine the functions of transmis- 
sion, reception and signal processing. 

The operational version of the 
system will require a minimum of three 
satellites orbiting the Earth’s equator 
in 24-hour orbits so that they remain 
stationary above a fixed point on the 
surface. Three primary ground 
stations will also be needed: one is 
located in California, another in New 
Jersey (which will place it at a con- 
venient distance from the main military 
signals centre at Fort Monmouth and 
near the Washington nerve centre); and 
the third on a naval vessel. 

The Advent system is considerably 
more sophisticated than any com- 





munications satellite system yet tested, 
The signal beamed to the satellite will 
be received, amplified and relayed 
instantaneously from the space vehicle 
to the corresponding ground station, 

Stringent reliability standards are 
being imposed for the system, which is 
being designed for a mean operating 
life of one year without failure. This 
is a very Substantial task since the 
orbiting stations will contain an 
elaborate servo-mechanism system for 
automatic adjustment of the satellite’s 
position in orbit; the solar paddles pro- 
viding the primary power source will 
be self-orientating; and temperature 
and other environmental factors must 
be very stringently controlled. In order 
to check the orbiting system under 
near-operating conditions a large space 
simulator is now under construction at 
General Electric’s new Space Tech- 
nology Centre at Valley Forge, Penn- 
sylvania. It is 32 feet x 54 feet in size, 
and will be capable of providing the 
unique combination of pressure, tem- 
perature and radiation conditions to be 
met with in space. 


Nuclear power on 

the moon 

An ultra-compact nuclear power plant 
that could be assembled on the earth, 
transported by rocket and operated on 
the moon is described in a recent 


Atomic Energy Commission research 
report. Capable of full power trans- 
mission for two years with automatic 
control, the plant would be used to 
furnish energy for lunar spacecraft 
television relays, 


refuelling stations, 





The Bristol 
422 


188 all-steel research 


aircraft, 


designed to study the heating 


effects 


on materials during high-speed flight. 


OCTOBER! 





the 


co 








oralfYP FReBeBks 


nt 


on 
nt 
ch 
S 


to 
ift 





t. 





and stellar and physical laboratories. 
The plant’s working fluid is mercury 
and its principal components consist of 
a fast reactor in a direct cycle with a 
mercury vapour turbine. The high- 
frequency generator, the hydrogen 
compressor for the generator cooling 
system, the mercury recirculating 
pump and the condensate pump are on 
an extension of the turbine shaft. The 
mercury vapour is condensed and the 
hydrogen cooled in wing radiators of 
the vertical tube-and-fin type, built in 
concentric cylindrical sections of 
increasing diameter. Although the 
radiators are the heaviest components 
of the plant, the report maintains that 
their design is realistic in view of 
logistic considerations and the opera- 
ting environment. 

The power plant consists of three 
identical units, independent but cen- 
trally controlled. Although normal 
operations would require two units, a 
lunar expedition could subsist with one. 
The units can be standardised, their 
outputs synchronised, and their size 
and weight best suited to the carrying 
capacity of the transporting rocket. 


Supersonics at 
Farnborough 


Will Britain have a supersonic airliner? 
This is a question that interested mem- 
bers of the public have been asking 
with increasing frequency in the past 
months, and, while the Minister of 
Aviation—who must pay much of the 
money towards such an aeroplane— 
will not give a direct “ Yes” as an 
answer, the evidence that Britain will 
go supersonic was to be found at the 
1961 S.B.A.C. Flying Display and 
Exhibition. Companies already in 
receipt of “‘ research and development ” 
contracts have begun to provide 
tangible evidence that Britain is even 
now committed to the supersonic air- 
liner business. 

For this reason, the prevalent feeling 
at Farnborough, 1961, was one of 
optimism; the prospects of the super- 
sonic aircraft contracts have stimulated 
the old-time competition which has 
been noticeably lacking since the air- 
craft industry mergers of 1960. The 
supersonic airliner programme will be 
a big job, and will include many com- 
paines. How big a job this is can be 
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The Handley Page HP I15 research aircraft, 
designed to study low-speed characteristics for 
the proposed supersonic airliner. 


guaged from the fact that the British 
Aircraft Corporation, which is regarded 
as the most likely airframe manufac- 
turer, has been occupied over the last 
12 months simply with the “feasibility 
contract” awarded by the Ministry of 
Aviation. This is to prove that this 
country can make this type of aircraft 
without undue strain on its resources. 
To investigate problems of flight con- 
nected with such aeroplanes another 
company—Handley Page—has_ been 
entrusted with proving the low-speed 
behaviour of the type of wing the super- 
sonic airliner will have. At the same 
time yet another company—Bristol 
Aircraft Ltd., which is now a division 
of the British Aicraft Corporation—is 
preparing to investigate problems of 
kinetic heating at flight speeds of Mach 
3 (about 2,000 m.p.h.). For this part of 
the programme the company has built 
a stainless steel aeroplane, the Bristol 
T188. 

Many other concerns will be called 
in for sub-contract work when the pro- 
gramme finally gets under way, for 
there are many specialised aspects to 


be handled. Apart from the airframe 
and engines, there are powered control 
systems to be developed, high-pressure 
hydraulic systems and fuel pipes, new 
wheel and brake systems, and fuel flow 
schemes. All of these must be designed 
and proved without the benefit of 
experience because no one has yet 
flown at Mach 3 with a 140-ton 
machine. 

This is one reason why Farnborough 
was so interesting and revealing this 
year. Making a tour of the stands in 
the exhibition hall it was apparent that 
many of the $.B.A.C. member firms 
are already doing their bit. Instrument 
makers are alive to the requirement for 
specialised instruments; steel manufac- 
turers are now fabricating materials 
specifically to withstand the high 
temperatures associated with high 
speeds; the R.A.E. Farnborough were 
showing a topographical display system 
which gives a pilot means of navigating 
by pictures, and which will undoubtedly 
be a necessity in any supersonic 
airliner. 

On top of these examples, the 
Handley Page HP115 aircraft made its 
first public appearance in the flying 
display. Slow by supersonic standards 
(top speed about 300 m.p.h.) the 
HP115 has been designed specifically to 
investigate the low-speed flying charac- 
teristics of acutely swept delta aircraft. 
Powered by a single Viper jet engine, 
the HP115 was impressive in flight. 
While the aircraft is 45 feet long, the 
wing span is a mere 20 feet with the 
wings swept back at 74°. This makes 
it the “slimmest delta in the world.” 
An interesting point is that the leading 
edges of the wing are fabric-covered for 
easy modification so that a variety of 
leading edge shapes can be investigated 
for flight performance. Similarly, the 
control surfaces are also _fabric- 
covered. 

The Bristol T188 was not quite ready 
for Farnborough but was conspicuous 
by its absence. When it does fly 
(probably this month), it will take 
Britain’s supersonic airliner programme 
a stage further. Specially constructed 
of welded stainless steel, the T188 is 
unique in that the aircraft’s own fuel 
is used as a heat sink to cool stored 
water to make conditions tolerable for 
the pilot. 


Continued on page 450 
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The architecture of viruses 


R. W. HORNE and P. WILDY 


Modern biology has begun to reveal the extraordinary architecture of life 
at the molecular level. Now, adding to the recent work on DNA and 
proteins, a complete picture of virus structure is beginning to emerge. 

















Ten years ago we had little idea of 
what a virus looked like. At best we 
could describe them as rather indefinite 
blobs when seen in the electron micro- 
scope, and there was little evidence to 
indicate their detailed structure or 
chemical composition—their architec- 
ture. During the past five years, how- 
ever, improved experimental tools, 
coupled with new techniques, have 
transformed our ideas and have re- 
vealed that viruses are in fact built 
with an extraordinary geometrical pre- 
cision, with intricate, aesthetically- 
satisfying structures belonging to a 
number of geometrical families. 


We are now beginning to map out 
these structures and to classify them 
by their symmetry into several distinct 
groups. Later, perhaps, we shall be 
able to say how this precise geometrical 
architecture is put together (by the 
virus nucleic acids) and how it relates 
to the way viruses function. 


The two most important tools which 
have been used to investigate the 
structure of virus particles are the 
X-ray diffraction camera and the elec- 
tron microscope. X-ray diffraction 
techniques, pioneered by Prof. J. D. 
Bernal and Dr I. Fankuchen, are now 
capable of studying the symmetry 
arrangements of the subunits which 


q Fig. | 


small particles). Magnification x 100,000. 


make up the outer shell of each virus 
particle. The results of this work have 
recently been discussed in detail by Dr 
A. Klug and Dr D. Caspar, working 
in Bernal’s department at Birkbeck 
College, London, and at the Children’s 
Cancer Research Foundation, Boston, 
Massachusetts. 

Electron microscope studies, on the 
other hand, have given us valuable 
information about the size and external 
shape of viruses, but have told us little 
of their symmetry. More recently, 
with improved techniques, we have 
been able to see directly in more detail 
the overall shape of virus particles 
and to learn something of the symmet- 
rical arrangements of their compo- 
nents. This is of importance because 
we can now compare direct electron 
microscope findings with those of 
x-ray diffraction techniques. Both these 
techniques demand quite a consider- 
able supply of fresh virus material, and 
methods of high speed ultracentrifuga- 
tion, together with improved techniques 
in growing viruses in tissue culture, 
have contributed greatly to recent 
advances. 

Before discussing the results of this 
work, it would perhaps be as well to 
give a brief outline of what a virus is. 
Essentially, an infective virus particle 
consists of a length of nucleic acid 


The size of a virus —an electron micrograph of bacteria and influenza virus (the 
The bacteria and virus are ‘embedded’ in a 
droplet containing electron-dense phosphotungstate, which appears dark. 


All the electron 


micrographs shown in this article were prepared using this technique of ‘negative staining ’- 
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Fig. 2a A single particle of adenovirus type 5 show- 
ing the arrangements of the subunits forming the 
outer shell. (x 600,000.) 


(Photo : Academic Press.) 


Fig. 2b An icosahedron, similar to the adeno- 
virus particle, constructed from 252 tennis 
balls and photographed in the same orien- 
tation as Fig. 2a. (Photo: Accdemic Press.) 


Fig. 3 A model of an icosahedron showing 
the points of 5-fold, 3-fold, and 2-fold rota- 
tional symmetry along the axes of the spokes. 
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encased in a “coat” or shell of pro- 
tein. The size range and shape of 
viruses varies enormously from about 
250 Angstroms (100A=10° cm.) to 
several thousands of Angstroms across, 
some of the larger ones, such as mumps 
and pox viruses, being visible in the 
light microscope. The nucleic acid of 
the virus contains the coded message or 
information which instructs the virus 
how to build itself and how to replicate 
further nucleic acid (and therefore 





Fig. 4b A model with a similar 
structure to the herpes simplex virus, 
constructed from |2 pentagonal and 
150 hexagonal prisms in accordance 
with 5.3.2. symmetry. The model is 
seen in the;same orientation as Fig. 2a. 
(Photo: Academic Press.) 


more identical virus particles) once it 
has invaded a living cell. 

In plant viruses and some small 
animal viruses (for example, polio- 
myelitis), the nucleic acid is of the 
RNA type. In bacteriophages—viruses 
which attack bacteria—and a number 
of larger animal viruses, the nucleic 
acid is DNA. An illustration of the 
relative difference in size between 
viruses and bacteria is shown in Fig. 1. 
The electron micrograph shows a pre- 


TABLE |—VIRUSES SHOWING 5°¢3¢2 (Cubic Symmetry) 











Virus Method No. of Visible 
Subunits 
Bushy Stunt Virus X-ray Diffraction 
Turnip Yellow Mosaic Virus X-ray Diffraction 32 
Turnip Yellow Mosaic Virus Electron Microscopy 
Poliomyelitis Virus X-ray Diffraction | 
Poliomyelitis Virus Electron Microscopy | 
Southern Bean Mosaic Virus X-ray Diffraction 
Tipula Iridescent Virus Electron Microscopy 812 
Bacteriophage oX 174 Electron Microscopy 12 
Adenovirus Type 5 Electron Microscopy 252 
Herpes Simplex Virus Electron Microscopy 162 
Polyoma Virus Electron Microscopy 2 
Wart Virus Electron Microscopy 42 








Fig. 4a The herpes simplex virus (230,000) show- 

ing that the shell is made up of hollow angular 

prisms arranged on the axes of an icosahedron. 
(Photo: Academic Press.) 





paration of bacteria surrounded by 
small particles of influenza virus. 

Five years ago Dr F. H. C. Crick 
and Dr J. D. Watson (who also put 
forward their now famous model of 
DNA) laid down some simple rules 
which should govern virus architecture. 
They pointed out, for example, that in 
the small ‘“‘spherical’’ viruses there 
was probably insufficient nucleic acid 
to code for more than a few protein 
molecules of limited size. Moreover, 
they suggested, the most efficient way 
to build the protein shell would be to 
use the same type of protein molecule 
over and over again. 

If this was so—if all the subunits 
forming the shall were identical—how 
could they be packed together? Crick 
and Watson suggested that if identical 
subunits were arranged so as to pro- 
vide each with an identical environ- 
ment to its neighbour, it would only 
be possible to pack them symmetric: 
ally. And the only way this can be 
done is to pack them to fit some form 
of cubic symmetry. 
to realise that these predictions refer to 
the geometrical symmetry elements 
rather than the external shape of the 
virus particles. 

In the last year or two these early 
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predictions have been strikingly con- 
firmed. Many different types of virus 
have now been studied and a large 
proportion of these do have cubic 
symmetry, especially the roughly 
spherical ones. More particularly, 
they show cubic symmetry of the type 
5.3.2., as Crick and Watson suggested. 

What this means is apparent if one 
looks at the striking electron micro- 
graph of the adenovirus (Fig. 2a) seen 
at very high magnification. Each spot 
of light in the photograph is a protein 
subunit; altogether there are 252 of 
these subunits arranged to form an 
icosahedron. Fig. 2b shows a model of 
an icosahedron constructed from 252 
table tennis balls in the same orienta- 
tion as the adenovirus in the electron 
micrograph. 


Viruses with Cubic Symmetry 


In an icosahedron one can find three 
axes of symmetry. At the points “‘A”’, 
indicated by the arrows, there is a cen- 
tral subunit surrounded by five neigh- 
bouring subunits. So the central subunit 
is located on an axis of five-fold rota- 
tional symmetry. These points of five- 
fold symmetry are located at the 
corners of equilateral triangles forming 
the facets of the icosahedron, and each 
edge consists of six subunits. Moreover, 
the edges are shared between neigh- 
bouring facets. Some of the subunits 
in these triangular facets are arranged 
so that one central subunit is sur- 
rounded by six neighbours, giving axes 
of three-fold rotational symmetry. The 
row of subunits forming the edge of the 
facets between points “A” is seen 
when viewed along an axis of two-fold 
symmetry. The whole figure thus has 
three axes of symmetry and is classed 
as 5.3.2. The model shown in Fig. 3 
shows the rotational symmetry axes 
projected in the form of spokes: note 
the radial displacement of the spokes. 

Now as Crick and Watson pointed 
out, in any figure with cubic symmetry 
(5.3.2.) one needs a multiple of 60 
subunits to cover the surface. The 
adenovirus appears to have 252 
subunits which is not, of course, a 
multiple of 60. This must mean that 
the subunits seen under the electron 
microscope (and the table tennis balls 
in the corresponding model) are not the 
geometrical symmetry subunits discus- 
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sed by Crick and Watson. How then 
are they related? This problem has 
been at the forefront of the work on 
virus architecture for some time. 


Recent high resolution electron 
micrographs of a number of other 
viruses possessing cubic symmetry have 
revealed that the “visible” subunits 
are in the form of hollow elongated 
pentagonal and hexagonal prisms. The 
herpes virus (which causes lip sores), 
when seen in the electron microscope, 
shows the hexagonal and pentagonal 
prisms quite clearly (Fig. 4a). They are 
arranged in accordance with 5.3.2. 
symmetry, with 12 pentagonal prisms 
located on the corners of an icosahe- 
dron, forming points of five-fold rota- 
tional symmetry, and hexagonal prisms 
located on the facet edges or faces on 
points of three-fold or two-fold 
symmetry. The model of herpes virus 
in Fig. 4b, shows the arrangement in 
detail. If each one of the prisms is 
built from a number of asymmetrical 
units equivalent to those proposed by 
Crick and Watson (5 x 12 and 150 x 6 
=960), then the total number of the 
protein subunits would be a multiple of 
60. 

Figs. 5a and b are electron micro- 
graphs of polyoma virus. A central 
subunit is seen surrounded by five 
neighbours, when photgraphed in one 
orientation, and by six neighbours 
when seen in another orientation. 
Here the protein shell consists of 42 
subunits; a model made up from 12 
pentagonal and 30 hexagonal units is 





Figs. 5a & 5b An electron micrograph of 
polyoma virus showing (top 5a) a central sub- 
unit surrounded by five neighbours, and 
(above, 5b) a central subunit surrounded by 
six neighbours. (Photo: Academic*Press.) 


Fig. 6 A model with a similar structure to 
the polyoma virus constructed from;!2 penta- 
gonal and 30 hexagonal prisms photographed 
in the same orientation as Fig. 5b. 
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Figs. 7a&7b. At left (7a) is an icosahedron con- 
structed from 12 white and 30 black spheres. 
The arrangement shown on the right (7b) 
possesses strict icosahedral symmetry and is 
composed of 120 subunits (black and white 
circles) which are considered as chemical units 
of two types. The hexagonal patterns formed 
by the black units and the pentagons formed 
byjthe white in this drawing offer a possible 
explanation for the larger subunits seen in the 
electron microscope—see Fig. 6. 

(Courtesy of Academic Press) 


shown in Fig. 6. An interesting feature 
is the radial displacement of the com- 
ponents forming the shell, giving the 
particle a more “spherical” appear- 
ance compared with the hexagonal 
shape of adenovirus and herpes virus 
(Figs. 2 and 4). Recent studies have 
shown that each subunit is similar to 
the hollow prism type found in herpes 
virus. 

An alternative explanation of the 
existence of the prisms has been dis- 
cussed by Klug and Caspar. They 
considered the arrangement of subunits 
shown in the diagram (Fig. 7a) where 
the number of “visible” subunits is 
42, corresponding to polyoma virus. 
Twelve white units are placed at the 
vertices of an icosahedron and 30 
black units on the facet edges. The 
structure shown in Fig. 7b consists, on 
the other hand, of 120 subunits (indica- 
ted by the biack and white circles 
linked to each other) located in quite 
different positions on the surface. 
These could give the morphological 
appearance of pentagons and hexagons 
seen in the electron micrographs. 
Recent studies on several larger viruses 
have shown disrupted or collapsed 
shells releasing individual pentagonal 
and hexagonal prisms which would not 
fit the structure in Fig. 7b. It is pos- 
sible that both arrangements coexist, 
with an inner shell forming “building 
blocks”’ of the type in Fig. 7b, and on 
these are located larger units in the 
form of pentagonal or hexagonal units 
(Fig. 6). 

Further complications arise in inter- 
preting structure at the electron micro- 
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scope level when studying very small 
viruses. The bacterial virus 9X 174 
is one of the smallest virus particles to 
be seen in the electron microscope and 
is shown in Fig. 8a, together with a 
model constructed from 12 table tennis 
balls (Fig. 8b). This represents one of 
the simplest particle forms, showing 
large morphological subunits on the 
particle surface. More recently it has 
been shown in partially disrupted 
forms of this virus that each of the 
large subunits appears to be composed 
of five smaller units. If the 12 
morphological subunits are placed on 
the axes of five-fold symmetry, the 
particle appears as an icosahedron, but 
if each morphological subunit, on the 
other hand, is composed of rings of 
five chemical or structural subunits 
they must be arranged around the axes 
of five-fold symmetry, thus producing 
a particle in the form of a dodecahe- 
dron (Fig. 8c). 

The recent direct evidence from 
electron microscope studies has con- 
firmed the x-ray results for the exist- 
ence of cubic symmetry arrangements 
in the virus protein shells discussed by 
Klug and Caspar. Further studies at 
very high resolution may lead to a con- 
siderable overlap in the techniques of 
x-ray diffraction and electron micro- 
scopy (see Table 1.). 


Virus with Helical Symmetry 


The particle of tobacco mosaic virus 
(TMV) has probably received more 
attention than any other virus so far 


studied by chemical and _ physical 
techniques. Briefly, the essential struc- 
tural features can be seen in Fig. 9, 
The TMV particle is in the form ofa 
hollow rod of 170A diameter and 
3,000A long, with a molecular weight 
of 39.2 x 10°. It is built from 2,130 
helically arranged protein subunits, 
each with a molecular weight of 17,400. 
The crystallographic and _ chemical 
subunits are considered to be equiva 
lent. There are approximately 16 
subunits in every turn of the helix and 
each unit appears to be an elongated 
structure of about 70A long and 20A 
diameter. There is an axial central 
hole of 40A diameter and the nucleic 
acid is deeply embedded in the protein 
component at a radius of 40A. 
Direct confirmation of the central 
axial hole was observed in electron 
micrographs by Dr H. E. Huxley. 
The electron-dense material used as 4 
stain penetrated into the hollow tube, 
thus making it visible. Further studies 
by H. L. Nixon and R. D. Woods at 
the Rothamsted Experimental Station 
on reaggregated protein from TMV 
after the removal of the nucleic acid 
have revealed particles and fragments 
showing a regular periodic structure 
along the edges. The measurements of 
the particles and periodic spacing was 
in very good agreement with the 
dimensions reported by the xX-fay 
workers. From these fragments it was 
possible to photograph them looking 
along the rod axis and to show 
evidence of radial symmetry which 
would be consistent with the helical 
arrangement of the subunits. 
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Fig. 8a Two particles of the very small 
bacteriophage @X 174 showing the large units 
which form the shell. (x 500,000.) 


(Photo: Academic Press.) 





High resolution electron micrographs 
of partially disrupted TMV particles re- 
vealed the existence of small elongated 
structures which were considered to be 
the individual protein subunits (Fig. 
10). The size of these subunits is in 
close agreement with those shown in 
Fig. 9. The fact that these components 
are probably equivalent to the chemical 
subunits and can be seen indicates the 
range of resolution now available with 
the electron microscope when studying 
biological material. 


Mixed Viruses 


The myxoviruses (influenza, mumps, 
fowl plague, Newcastle disease) have 
presented rather more difficult pro- 
blems in elucidating their chemical and 
structural components. They appear as 
particles of irregular shape with some 
variation in size. Influenza virus, for 
instance, falls within a size range of 
800A to about 1,200A and may appear 
roughly spherical in shape, or in fila- 
mentous forms, or both. The nucleic 
acid content is estimated to be about 
1%, relatively low for the size of the 
particle. 

Early experiments by Dr L. Hoyle, 
using dark field microscopy, suggested 
that the influenza virus was released at 
the surface of the host cell and was 
probably enclosed in some form of 
“bag” composed of host cell surface 
material. 

More recent electron microscope 
Studies of influenza virus, using thin 
sectioning techniques, have shown that 
the particles are composed of an outer 








Figs. 8b & 8c On the left (8b) is a model constructed from. 12 
table tennis balls located on axes of fivefold symmetry. At 
right (8c) is a model showing each of the five units in 8b 
composed of five smaller units located around the fivefold 
axes. The figure is a dodecahedron. 


Fig. 9 The tobacco mosaic virus (TMV) 
a diagram illustrating the spiral arrange- 
ment of the subunits of the outer shell 
and the internal spiral which contains the 
nucleic axis. (Courtesy of Academic Press.) 





Fig. 10 Partially disrupted rod of tobacco 
mosaic virus. (x 450,000.) Some of the elongated 
subunits have become detached and bear a 
striking resemblance to those shown in the 
diagram (Fig. 9). (Photo: Academic Press.) 
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TABLE 2—VIRUSES SHOWING HELICAL SYMMETRY 


Virus 


Method 





Tobacco Mosaic Virus 
Tobacco Mosaic Virus 
Sugar Beet Yellows Virus 
Influenza Virus 
Mumps Virus 
Newcastle Disease Virus 
Fowl Plague Virus 


Sendai Virus 


envelope enclosing an inner component 
in the form of rings. These inner rings 


are thought to be _ nucleoprotein 
material, and the outer envelope, 
lipoprotein. 


In the last year highly concentrated 
preparations of several types of myxo- 
viruses have been investigated using 
recent preparative methods and have 
revealed the surprising discovery that 
the internal components of influenza, 
mumps, fowl plague, Newcastle disease 
and Sendai viruses, appear to have 
structures similar to the rods of tobacco 
mosaic virus. 

A typical example of disrupted 
myxovirus particles releasing the helical 
components from inside the virus outer 
envelope is shown in Fig. 11. The 
outer dimensions of the helical struc- 
ture, together with the internal hollow 
central region, are approximately the 
same as for TMV. Moreover, a 
regular periodicity along the com- 
ponent axis can be seen in the electron 
micrographs. This structure is more 
flexible than the more rigid rods of 
TMV, but appears to be arranged in 
accordance with helical symmetry. 

This helical component is enclosed 
in an outer envelope, in itself a com- 
plex structure composed of radial pro- 
jections covering its outer periphery 
(Fig. 12). The envelope is probably 
derived from host cell material as 
described by Hoyle, but considerably 
modified by the incorporation of the 
spiky projections. Disruption of the 
envelopes in influenza and fowl plague 
viruses by chemical treatment releases 
the helix and spikes which can sub- 
sequently be separated in the ultra- 
centrifuge at very high speed. The 
spikes are associated with the haemag- 
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X-Ray Diffraction 
Electron Microscopy 
Electron Microscopy 


Electron Microscopy 


Electron Microscopy 


Electron Microscopy 


Electron Microscopy 


Electron Microscopy 


glutinin material in the virus particle 
and the helix, composed of nucleopro- 
tein, presumably carries the genetical 
information for virus replication. The 
precise way in which the internal helix 
is wound or packed into the envelope 
is not known. 


Viruses with Complex 
Architecture 


A bacteriolytic substance capable of 
destroying bacteria was first observed 





Fig. 11 A large particle of mumps virus 
releasing the internal helical structure. 
(x 130,000). (Photo: Academic Press.) 


in 1917 by d’Herelle who called the 
substance bacteriophage or “‘eater of 
bacteria.”” He also made the impor- 
tant observation that once the bacteria 
had been exposed to the bacteriophage, 
and the bacteria were destroyed, 
bacteriophages were produced. More- 





over, this substance was capable of 
being transmitted from one culture to 
another containing bacterial cells which 
were subject to attack by this material, 

Bacteriophages or bacterial viruses 
have been studied extensively by many 
workers over a considerable period 
and were one of the first virus groups 
to be seen in the early experimental 
electron microscopes. Experiments by 
Dr A. D. Hershey and Dr M. Chase 
in 1952, using bacterial viruses, showed 
that after infection of the bacterial host 
cell by the virus, most of the viral 
protein remained outside the host. 
Examination by electron microscopy 
showed clear evidence of the presence 
of empty “ghosts” which had released 
their nucleic acid and _ remained 
attached to the outer surface of the 
bacteria. 

A number of bacterial viruses have a 
much more sophisticated structure 
compared with the particles of adeno- 
virus or tobacco mosaic virus. Early 
electron micrographs showed them to 
be in the shape of a tadpole with an 
angular-shaped head and a thin tail 
structure. After becoming attached to 
the bacterial cell wall the tail portion 
of the phage changes considerably. 
This information, together with other 
studies, strongly indicated the existence 
of some form of injection mechanism 
associated with the release of nucleic 
acid necessary to infect the bacterial 
cells. 


Fig. 12 A model showing the possible arrange- 
ment of the various components seen in 
particles of influenza virus. The central coiled 
spiral is the nucleoprotein material (nucleic 
acid plus protein): outside this is the spike- 
covered shell. (Photo: Academic Press.) 
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Recent studies by Dr S. Brenner 
and his colleagues in Cambridge on 
some of the bacterial viruses have led 
to the identification and separation of 
four structural components associated 
with the tail. The complexity of the 
tadpole form of bacteriophage can be 
seen in the electron micrograph in 
Figs. 13 and 14. 

The head structure is a bipyramidal 
hexagonal prism and contains the 
nucleic acid. Attached to a point on 
the axis of sixfold symmetry is a hollow 
rigid central core (Fig. 13). Surround- 
ing the core can be seen an outer con- 
tractile sheath whose subunits are 
arranged in helical array. There 
appears to be one fundamental helix 
with about 12 to 15 radially disposed 
subunits and about 24 turns to the 
helix in the extended tail. At the 
extreme end of the tail is a plate struc- 
ture associated with six tail fibres. 


Recent Advances 


More recently, the tail plate, when 
viewed along the axis, has been seen 
in the form of a hexagonal structure 
which appears to be oriented with 
respect to the head on the axis of six- 
fold symmetry. The diagram in Fig. 14 
shows the position and dimensions of 
the various components in the T, coli 
bacteriophage. The sheath component 
contracts after attachment of the phage 
to the host or after appropriate 
chemical or physical treatment (Fig. 
14), thus acting as a microsyringe 
system, the nucleic acid being trans- 
fered through the hollow core. 

A large number of phages have 
recently been described possessing the 
same basic features described above, 
some with long flexible tails and others 
with no morphological evidence of an 
injection mechanism, such as the small 
0X 174 phage shown in Fig. 8. 

Some of the structural details of the 
very large viruses, such as the pox 
group which are in a size range 
between the small viruses and bacteria, 
are being actively explored. Early 
results have indicated an even more 
complex structure than seen hitherto. 

Many important questions are raised 
When considering the architecture of 
the particles described above. In the 
case of the viruses which show no 
mechanism of injection, how is the 
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Fig. 13 An intact particle of T2 bacteriophage 
showing the complex tail structure ( 500,000). 
(Photo: Academic Press) 


genetic information released? How 
does the nucleic acid of the virus make 
itself available to the host cell, and 
how is the virus assembled from cell 
components? Most important, how 
does the whole question of virus 
structure relate to virus function? For 
example, a recent suggestion has been 
made by Sir Macfarlane Burnett that 
the coiled spiral form of the nucleo- 
protein in the influenza virus might 
have some bearing on the well-known 
tendency for this virus to appear in 
many different and _ rapidly-evolving 
Strains. 

From studying the intact assembled 
virus, work is already in progress in a 
number of laboratories on the chemical 
composition after disruption of the 
particles and separation of their com- 
ponents, using new techniques. At the 
other end of the sequence of events, 


attempts are being made to investigate 
the assembly of virus particles within 
the cell during the growth cycle. It is 
in close collaboration with these new 
chemical and physical techniques that 
the electron microscope can be of great 
value, because without them the -inter- 
pretation of the electron micrographs 
showing structure at the molecular 
level presents serious difficulties. 
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Fig. 14 Chemically “triggered” T2 bacteriophage 
revealing the central hollow core, contracted 
sheath and fibres forming the tail structure 
(x 350,000). (Photo: Academic Press) 
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Seeing by heatwaves 


Cc. M. CADE 


The diagnosis of breast cancer and seeing in fog are two applications 
of recently developed thermal image-converters. Industry also has 
many ‘detection’ uses for these instruments whose sensitivity and 


speed of picture-building is being steadily developed and improved. 


OCTOBER 





fie. | Far-infrared is becoming an invaluable aid in the early diagnosis 


‘of breast cancer. 


This picture shows the heat pattern of a woman 


3 with a carcinoma of the right breast. 


‘It is now more than 160 years since 
‘Sir William Herschel, in 1800, carried 
“out an experiment to determine the 
‘distribution of heating power among 
the various colours which could be 
‘produced by passing the sun’s light 
"through a prism’. He found that the 
[heating power increased as_ the 
' thermometer was moved from the violet 
© to the red end of the spectrum, and 
' that, much to his surprise, the maxi- 
"mum heating power was not reached 
| until the thermometer had been moved 
_ beyond the end of the visible red part 
of the spectrum. 
The possibilities of “seeing the heat” 
were not thoroughly explored until the 
| 1930’s, when the U.S.A. Signal Corps 
' Engineering Laboratories investigated 
| “the visualisation with as much detail 
| as possible of the relative thermal state 
of the background’. . . .” This system 
| was then limited in its scope by avail- 
able infrared detectors, but has now 
been brought to a highly advanced 
state, particularly in the U.S.A. 
Infrared systems, capable of produc- 
ing sharp, clear pictures of objects at 
temperatures varying from 200°C 
down to tens of degrees below zero, 
have been produced commercially in 
both scanning and non-scanning types 
by several American companies. Rus- 
sia, too, appears to have been very 
active in this field, but in Great Britain 
the author’s company is believed to be 
the only industrial organisation to have 
developed such an apparatus by inde- 
pendent research. 


Types of Converters 


Thermal image-converters do not 
depend for their operation upon the 
presence of any external source of 
radiation to “ illuminate” the scene: 
they respond to the radiation which is 
emitted by every object at a tempera- 
ture above Absolute Zero, and which 
varies with the object’s tempera- 
ture and emissivity. What is actually 
recorded by the thermal image-con- 
verter will, of course, be influenced also 
by reflected radiation, but most objects 
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encountered in practical applications 
are blackbody radiators or greybody 
radiators (i.e. their emissivity is close to 
unity, and their reflectance is low), so 
that the effect of reflected radiation is 
small. 

Within the range of its spectral 
response, the thermal image-converter 
transcribes the information received 
into a visible two-dimensional record, 
presenting an intensity pattern. The 
theoretical limit to the performance of 
these systems is set by the random 
fluctuations in the radiation received, 
or by electrical “ noise” in the receiver 
circuits. In practice, the performance 
is usually limited by optical or electri- 
cal faults in the system, or by the ability 
of the human eye to discriminate in- 
tensity differences. 

This ability is reduced when the 
average intensity of the recorded 
pattern increases due to a uniform 
addition of intensity to all parts of the 
pattern. In image-converter systems in 
which the recorded intensity increases 
with an increase of received radiation, 
it becomes necessary to suppress any 
signal which merely increases the 
average recorded intensity without in- 
creasing the definition of individual 
elements in the picture. 

This suppression can be achieved 
either optically or electronically. In 
systems which produce a_ negative 
image, that is the recorded intensity is 
inversely proportional to the received 
radiation, there is the disadvantage that 
the picture produced has usually a 
substantial average intensity. Thus 
visual acuity is reduced. 

Two principal groups of thermal 
image-forming devices may be distin- 
guished, based upon the type of 
detector used: 

(1) Temperature-sensitive, or therm- 

al image-converters, which employ 

heat-sensitive detectors (thermo- 
couples or thermistors) and which 
have a very wide spectral response. 

(2) Photo-sensitive devices, which 

may be sub-divided into (2a) photo- 

emissive detectors with a spectral 


response limited to the visible and 

the very near infrared: (2b) photo- 

conductive detectors, with response 

extending, in general, to about 10 

microns, and in a few special cases 

to 20 or 30 microns. 

Another convenient way of classify- 
ing the devices is based upon the 
manner in which each device receives 
and processes information about the 
individual picture elements, or in other 
words, according to the method of 
“read-in.” 

(1) Simultaneous read-in. All the 
individual picture elements are pro- 
cessed simultaneously (photoemissive 
imageconverters; absorption edge 
image-converters;  thermosensitive 
phosphor systems; evaporographs). 

(2) Sequential read-in. The field of 

view is scanned successively from one 

picture element to another until the 
entire field of view has been covered. 

(3) Mixed read-in. The field of view 

is scanned simultaneously in one 

plane, by means of a long row of 
detecting elements, and is_ then 
scanned in the orthogonal plane by 

a mechanical arrangement (the 30- 

Element Scanner System‘). 

Although systems with sequential 
read-in of information must necessarily 
have sequential read-out (unless a 
storage matrix is used), for simulta- 
neous read-in systems the form of read- 
out may be simultaneous, sequential, 
or mixed. These distinctions will be 
clearer if we now consider some specific 
systems in detail. 


The Absorption-threshold 
Image-converter 


This is a  temperature-sensitive 
system with simultaneous read-in and 
read-out: it was invented by D. C. 
Northrop, of the Royal Naval Scientific 
Service, in 1953, and a detailed descrip- 
tion by Harding, Hilsum and Northrop 
was published in Nature in March 
1958°. It depends upon the fact that, 
when a sample of a suitable semi- 
conductor is viewed by transmitted 
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Fig. 2. The Absorption-threshold Image-converter. 


monochromatic light at a wavelength 
near the absorption threshold, any 
variations in the temperature of the 
semiconductor appear as variations in 
the intensity of the transmitted light. 
The complete apparatus comprises a 
self-supporting film of amorphous 
selenium, which is metallised on one 
side, and is mounted in a vacuum 
chamber at the focus of a parabolic 
mirror. The film is viewed in trans- 
mission by the light from a sodium 
vapour lamp (Fig. 2). If a scene in 
which there are objects of different 
temperatures and emissivities is focused 
on the selenium film, a visible picture 
results. The detection limit for tem- 
perature differences of approximately 
blackbody radiation is roughly 15°C. 


Thermo-phosphor 2scent 
Thermography 

This is another temperature-sensitive 
system with simultaneous read-in and 
read-out, but in all other respects it is 
quite unlike the absorption-theshold 
system. The basic principle is that 
discovered by A. E. Becquerel in 1843; 
the temperature-dependence of the 
luminous efficiency of a phosphor. 

Two methods of applying 
Becquerel’s principle have been used; 
in the first method (Contact Therm- 
ography) a luminescent material is 
applied to the surface which is to be 
observed, and it is then uniformly 
illuminated with ultraviolet radiation. 
The temperature distribution over the 
surface then appears as a negative 
brightness pattern, the warmest parts 
being the least bright. 

In the second method (Projection 
Thermography) an image of the object 
under observation is focused upon a 
phosphor screen by means of a suitable 
optical system (Fig. 3), and the screen 
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is uniformly excited by means of an 
ultraviolet lamp. This method has the 
advantage that the object does not have 
to be coated with phosphor, but it is 
far less sensitive than Contact Therm- 
ography. 

Both methods suffer from the general 
disadvantage of negative-image systems, 
that the high average intensity of the 
picture reduces visual discrimination, 
and the best thermal resolution obtain- 
able is about 4°C. Phosphors vary 
widely in their suitability for these 
applications; usually, in order to be of 
use a phosphor must show at least 5 
per cent change in brightness for a tem- 
perature change of 1°C. Under the 
best conditions, some phosphors show 
as much as 20% change in brightness 
for 1°C temperature change. 


The Evaporograph 

A temperature-sensitive system with 
simultaneous read-in and read-out. The 
basic principle of Evaporography, 
namely the differential evaporation of 
a volatile substance under the influence 
of radiant heat was first exploited 
by Sir John Herschel in 1840, but the 
earliest description of a device which 
used this principle to give thermal pic- 
tures of a scene was given by Czerny 
in 1929. 

Czerny used a thin membrane of 
nitrocellulose, blackened on one side 
to enhance its absorption of radiant 
heat, and with a very thin film of vola” 
tile oil on the other side. The device 
operates in a partial vacuum, the con- 
ditions being so chosen that the oil 
film is in dynamic equilibrium with 
its vapour when the membrane is un- 
heated.. When a thermal image is 
focused on the membrane, differential 
evaporation occurs, and the oil film 
becomes thinner in the warmer places. 
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The change in the depth of the oil film 
becomes visible by reflected white light, 
as a pattern of interference colours 
(Fig. 4). 

The American Baird-Atomic Com- 
pany has produced a commercial in- 
strument based upon Czerny’s device. 
In laboratory tests the Baird Evaporo- 
graph has shown itself capable of 
quite high thermal resolution, but 
under general working conditions, one 
degree Centigrade is the best to be 
expected. Exposure times vary from 
several minutes, for the portrayal of 
cool objects, down to a few seconds 
for the depiction of very hot objects. 


The 30-Element Scanner 
This is a photon-sensitive system with 


mixed read-in and read-out. The ya 
sensitive array of the Eastman Kodak pea 
scanner comprises 30 lead sulphide of 
cells in a row across the focal plane — 
of a six-inch diameter Cassegrain opti- d 
ur 
cal system of F/2. re 
Horizontal scanning is provided by . 
3 : the 
rocking the secondary mirror of the Ra 
Cassegrain system. Each cell of the A 
: t I 
array feeds an independent amplifier, “s 
the output of which modulates the f 
brightness of one of an array of 30 TI 
neon tubes, viewed by a second rocking 0 
mirror which is synchronised with the = 


first one. Angular resolution is claimed , 
to be about six milliradians* and the | P* 
thermal resolution, for a_five-seconds 
integration time, is about 0°5°C. 

Photon-sensitive, Sequential Scanning 6 


Systems. n 
By far the most versatile and rugged pe 

systems that have yet been devised are 

the sequential read-in, sequential read- a 


out systems using high-speed photon- T 
sensitive detectors. Although it is only 
in the last five years or so that 


* One milliradian=0.0573 degree. an 
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Fig. 4 Diagram to show construction of Evaporograph 
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advances in detectors have made such 
devices practicable (previously, detec- 
tors were so slow that scanning times 
of hours would have been needed), 
many systems have already been pro- 
duced. In the present account we 
shall confine ourselves to two systems: 
the “ Thermoscan” developed by the 
Radiation Electronics Corporation of 
America, and the “ Pyroscan” deve- 
loped in Great Britain by Kelvin and 
Hughes Limited. 

The Thermoscan. Scanning of the 
20° x 10° field of view is carried out 
mechanically by means of two moving 
plane mirrors. The resolution element 
is Stated to be five milliradians by five 
milliradians, so that some 2,450 
picture elements are scanned in the 
normal frame time of two seconds. 
The optics are of four-inch diameter 
and F/1.5. 

Picture presentation is by cathode 
ray tube and photographic recording. 
The thermal resolution with respect to 
a background temperature of 20°C 
Is claimed to be 4°C. for an indium 
antimonide photoelectromagnetic de- 
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tector at room temperature, and about 
0:25°C for an indium aatimonide 
photoconductive detector cooled to 
~78°C. 

The Pyroscan. This apparatus was 
developed for research into vision 
through fog, aerial reconnaissance, and 
industrial pyrometry; it incorporates 
refinements which would probably 
have to be sacrificed in a commercial 
model. The field of view was initially 
taken to be 25° x 25° with a resolution 
element of 3 milliradians x 4 millira- 
dians, so that there were approximately 
15,930 picture elements per frame. 

Since, for reasons of sensitivity, it 
was required to have a dwell-time of 
at least 4 milliseconds per picture 
element, the minimum frame time was 
64 seconds. Later, the overall field 
of view was reduced, whilst still keep- 
ing the same resolution element, and 
later still the resolution was degraded 
to 5 milliradians x 4 milliradians, so 
that the minimum frame time for a 
field of 10° x 15° was just over 9 
seconds. 

The optical system employs a 16- 


inch diameter primary mirror and a 
3-inch secondary mirror, in a modified 
Cassegrain configuration (Fig. 5). The 
secondary mirror can be replaced by 
a motor driven disc which has alter- 
nate polished and blackened sectors, 
and which rotates co-axially with a 
fixed, blackened graticule, thus per- 
mitting the use of selective-frequency 
amplifiers and of space-filtration tech- 
niques, when required. 

Scanning is carried out by mechanic- 
ally moving the main reflector in two 
dimensions, with a quick-return mech- 
anism which operates at the end of 
each frame. The image is printed on 
electrochemical paper and may be 
either positive or negative as desired. 
The sensitive receiver is normally a 
Mullard photoconductive indium anti- 
monide cell or lead telluride cell, 
mounted in a double-walled chamber 
which can be refrigerated either with 
liquid oxygen or with a mixture of 
trichlorethylene, and solid carbon 
dioxide. When it is desired to work 
at very long wavelengths, or when 
speed is to be sacrificed to sensitivity, 
a thermistor bolometer is substituted 
for the photoconductive cell, and a 
bridge-circuit in the pre-amplifier is 
brought into use. The front of the cell 
housing is provided with a screw-on 
cap which retains either a window of 
artificial periklase or a band-pass filter. 


The reason for initially selecting the 
relatively long dwell-time of 4 milli- 
seconds per resolution element was 
because the use of band-pass filters 
greatly reduced the amount of energy 
falling upon the receiver. Why use 
band-pass filters? The answer to this 
deserves careful thought; we have seen 
that the ability of the eye to pick out 
detail in a picture depends upon the 
contrast ratio and we know that the 
contrast ratio of any scene, as viewed 
by an infrared image-converter, is a 
function of the wave-band used. It is 
well known that dark vegetation photo- 
graphs white on an infrared plate, 
giving the typical “ snow scene” effect 
rather like a negative. 


The difference at peak sensitivity 
between panchromatic and infrared 
plates is about one octave in frequency; 
between the 0°75 micron wave-length, 
where infrared begins, and 20 microns, 
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where absorption at atmospheric water 
vapour becomes so severe that any 
great range is improbable, there are 
nearly five octaves. How many times 
does the contrast ratio reverse again 
in this five-octave interval? And at 
what wavelengths, if at all, is there 
zero contrast between any specified tar- 
get and the background? 

The only way to solve these 
problems is to take many pictures in 
different overlapping wavebands 
throughout the spectrum and to note 
the results obtained. This long-term 
research programme has now been 
under way for more than a year, but 
it will be many more months before 
the results are finally assessed. 


Examples of Practical 
Thermography 

In Fig. 6 may be seen a man pictured 
in total darkness by his natural heat 
radiation. The picture shows clearly 
the different emissivity-temperature 
effects of various parts of the clothing, 
and the angular resolution is good 
enough for the fingers to be distin- 
guished, although the range from which 
the picture was taken (12 feet) is such 
that the angular resolution of 4 milli- 
radians implies a linear resolution of 
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about 0°6 inches. Portrait pictures of 
this kind are of considerable value for 
medical diagnosis; particularly for the 
diagnosis of breast cancer (See Fig. 1). 

Dr R. Lawson, an eminent Cana- 
dian authority on breast cancer, wrote: 
““ Non-surgical diagnosis of breast can- 
cer is generally inadequate . . . what 
is desired . . . is quickly obtainable 
visual image of the heat patterns be- 
tween 10 and 15 microns, of adequate 
clarity and sensitivity of a large enough 
area of the body to supply normal 
reference points’. ..” Far infrared 
pictures are an invaluable aid to early 
diagnosis, as the tissues overlying a 
developing tumour are as much as 
1°C warmer than the surrounding 
areas. Recently, the application of 
infrared pictures to cancer diagnosis 
has been investigated very thoroughly 
at the Middlesex Hospital, London’, 
with results which fully corroborate 
the claims of Dr Lawson. 

Another field of application for 
“thermal portraiture” is in aviation- 
medicine and space-medicine, for inves- 
tigating the heat-exchange between 
environment and a subject dressed in a 
protective suit. 

Portraiture of a different kind is 
shown in Fig. 8. Since the angular reso- 
lution is the same as in Fig. 6, it is evi- 


Fig. 7 (Above) Far-infrared Surveillance: on a dark night, two “intruders” 
are detected at a range of 50 yards. 


Fig. 6 (Left) Far-infrared portrait of a man in total darkness. 
own radiation (at a wavelength of 6 microns), the resolution is sufficiently 
good to distinguish the fingers. 





Taken by his 


dent that the two ghostly looking 
figures are farther from the scanner. 
They were, in fact, pictured in a field 
at 1 a.m. on a summer’s morning (had 
it been winter, the background would 
have been relatively darker) from a 
range of 150 feet. 

This illustrates well the use of Far 
Infrared Surveillance Equipment. It is 
useless for the would-be intruders to 
black their faces and wear dark cloaks; 
the infrared camera knows nothing of 
visible colours, and heat just cannot be 
camouflaged. The maximum range for 
the detection of a stationary man is 
about a quarter-mile with the present 
equipment, but this range comes down 
sharply as he starts to move: there will 
still be a signal of course, but for fast 
movement it will be so blurred tiat 
only an experienced operator could 
interpret it. 

Perhaps the most exciting use for the 
thermal image-converter is as a vision- 
through-fog device. We all know how 
much easier it is to drive along a 
well-illuminated street in a thick fog 
than it is to drive down an unlit 
lane by the aid of a powerful fog lamp. 
Since the thermal image-converter sees 
objects by their own radiation there is 
no back-scatter to dazzle the observer. 

The ability to penetrate fog is illustra- 
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ted by Figs. 8 and 9. One of these is a 
conventional panchromatic photograph, 
while the other is a Pyroscan elec- 
tro-chemical picture. These pictures 
show the practicability of Infrared 
Vision-through-fog systems, for which 
the theoretical arguments were indica- 
ted by the author in 1959°. 

Far infrared scanners have been used 
for a wide variety of both civil and 
military uses: surface-to-surface recon- 
naissance (for example, the detection 
of ships at ranges of several miles with- 
out the use of radar), air-to-surface 
reconnaissance (also the detection of 
submerged submarines and the location 
of schools of fish), and for aerial 
oceanographic surveys. Some further 
uses are as follows:— 


(1) Visual inspection of automobile, 
marine or aeroplane engines (pis- 
ton or jet types) for hot-spots or 
faults in thermal design. 

(2) Observation and measurement of 
the hypersonic heating of models 
in wind-tunnels and shock-tubes. 

(3) Non-destructive testing of metal 
honeycomb structures e.g. radia- 
tor cores. 

(4) Detection of icebergs from the air. 

(5) Airborne anti-collision proximity 
warning device. 

(6) Depiction of warm air flow in 
heating and ventilation studies. 

(7) Infrared Horizon Sensor: a com- 
pact vertical reference system for 
marine and aeronautical naviga- 
tion and for the attitude stabilisa- 
tion of artificial satellites. 


Conclusion 


The work of Sir William Herschel, 
the famous British astronomer who was 
the first man to demonstrate the exist- 
ence of invisible light, has led to an 
immense expansion of man’s vision. 
Instead of being confined to the single 
octave embraced by the colours of the 
rainbow, the new seeing-by-heat devices 
now enable at least six octaves to be 
used. 

This article has listed just a few of 
the myriad applications which these 
hew powers of vision have in naviga- 
tion, industry, medicine and research. 
With constant improvement in sensiti- 
vity and speed of infrared detectors, it 
is likely that many other applications 
will be found in the near future. 
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Figs. 8 & 9 (Above) A conventional photograph of a country scene taken in good visibility. 


(Below) The same scene taken at night by the Pyroscan. 
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The automation of 


medical analysis 


The hospital patient relies 
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on both the personal 


diagnosis of the physicians and repetitive, routine 


medical analysis behind the scenes. Automation is now 


taking over hospital analysis, with far-reaching 


implications. 
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Fig. | The number of chemical analyses made 
annually on samples from patients at the London 
Post-graduate Medical School, at the Hammer- 
smith Hospital. An average of four estimations 
are made on each sample. 
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Behind the surgeons and physicians in 
any large hospital there is a support- 
ing army of doctors whom the public 
rarely meets. These are the clinical 
pathologists whose job, apart from 
examining and reporting on specimens 
sent down from the patients’ wards, 
is to study the fundamental basis of 
disease. They are divided into several 
broad groups—bacteriologists, hazma- 
tologists (blood), histologists (tissue), 
and so on. This article concerns a 
fourth group which has recently grown 
into a well-recognised separate spe- 
ciality. It comprises the chemical 
pathologists, who carry out chemical 
analyses on samples obtained from 
patients. 

With recent advances in our scienti- 
fic knowledge of disease, it has become 
increasingly apparent that much disease 
is caused by disordered body chemistry. 
As a result the work of the hospital 
chemical pathologist is growing at a 
prodigious rate (see Fig. 1) and the time 


is fast approaching when automatic 
testing methods will become essential. 
Work on automatic methods of chemi- 
cal analyses—which may have wide 
applications beyond the hospital labora- 
tory—is well under way; and it will 
not be long before the chemical patho- 
logist may have to take a course in 
electrical engineering or electronics as 
part of his training. 


Types of analysis 


What sort of analyses are involved? 
With most patients we are concerned 
with routine checks on blood, either 
on the total blood contents, or on the 
straw-coloured plasma fraction after 
the red and white cells have been 
removed. Other materials used 
include urine and other excreta. 

For example, we may be concerned 
with testing for the very common (but 
often hidden) disease of diabetes melli- 
tus. As is well known, this disease is 
caused by a relative deficiency of the 
hormone insulin which promotes the 
proper metabolism of glucose. The 
hormone is normally elaborated in the 
pancreas and an important sign of 
insulin deficiency is the appearance of 
glucose in the urine. A more sensitive 
test for the diabetic condition is a 
raised glucose level in the blood taken 
under fasting conditions, and in many 
cases it is necessary to carry out a glu- 
cose tolerance curve. This is done by 
giving the fasting patient a large dose 
of glucose. At half-hourly intervals 
over the next few hours blood samples 
are taken and analysed for glucose con- 
tent. The results are plotted on a 
curve (Fig. 2) which usually shows 
clearly the distinction between a normal 
person, who can readily metabolise glu- 
cose, and a diabetic person, who shows 
prolonged and high levels of glucose 
as a result of the oral dose. Once the 
diagnosis has been established, some 
diabetics will have to take insulin injec- 
tions for the rest of their lives. 

The question is, how much insulin? 
Each patient requires proper balancing, 
because if too little insulin is taken 
the patient runs a risk of going into 
a diabetic coma and becoming seriously 
ill. On the other hand, too large a 
dose will result in a condition called 
hypoglycaemic coma, where the excess 
of insulin has depressed the blood 
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sugar level to a point at which the brain 
is no longer receiving enough sugar 


to maintain its normal function. So 
the important business of adjusting the 
dose to suit the patient’s needs is done 
during a stay in hospital by a process 
of trial and error, using the results of 
blood and urine analyses several times 
each day to estimate whether more or 
less insulin is required. 

A recent extension of our work has 
come about from the development of 
the artificial kidney’. Functioning kid- 
neys are necessary to maintain life since 
they eliminate waste products which 
would prove fatal if allowed to accu- 
mulate in the body. Unfortunately, 
there are many reasons why kidney 
function sometimes fails. It may be 
the result of chronic long-standing 
disease of the kidneys, for which at 
present little can be done, although 
research is in progress on transplanting 
a kidney from a healthy donor to the 
patient. The kidney may also fail as 
a result of a sudden catastrophe: a 
woman during childbirth may suffer 
a sudden large loss of blood; a patient 
may be admitted to hospital in a state 
of profound shock following a road 
accident; poisoning from certain domes- 
tic cleaning agents is notorious in pro- 
ducing this type of renal failure. 

The common factor in all these vari- 
ous causes seems to be a period of pro- 
found low blood pressure, during which 
the kidneys do not receive a proper 
blood supply so that certain cells in 
the kidney tubules die. Fortunately, 
recovery from this condition is pos- 
sible provided the patient can be kept 
alive for the two or three weeks neces- 
sary for regeneration of the tubule 
cells. 

Treatment is, therefore, directed 
along two lines. Very stringent 
measures are taken to restrict the intake 
of fluid and nitrogenous foods so that 
the accumulation of water and waste 
products in the system is kept to a mini- 
mum. In many cases, simple dietary 
restriction of this kind is successful 
and a complete recovery follows, but 
the patients’ waste products must be 
continuously checked. 

This checking, and the decision as 
to whether or not the patient needs the 
help of the artificial kidney, depends 
largely on the chemical laboratory. 
Daily estimations are carried out on 
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Fig. 2 When fed a large dose of glucose, a 
normal person is able to use insulin to meta- 
bolise it and thus maintain a reasonable blood 
glucose concentration. The diabetic, deficient 
in insulin, reaches a high glucose level. 





the circulating levels of sodium, potas- 
sium, chloride, bicarbonate and urea 
in the patient’s blood and these levels 
have to be watched very carefully. To 
take the urea results, a normal person 
will have a blood level of about 20-30 
mg./100 ml. In acute renal failure, 
the blood urea level rises because no 
urea is excreted and the level may be 
400-500 mg./100 ml. within a week or 
two of the initial failure. Levels above 
400 mg./100 ml. are considered dan- 
gerous and are an indication for dialy- 
sis. Following dialysis, the level is 
usually reduced to below 200 mg./100 
ml. and the rising level is followed 
through the succeeding days until 
another dialysis becomes necessary. 
Chemical analysis is also important 
even when the primary disease is caused 
by bacteria or even trauma, as for 
instance when a person is involved in 
a road accident and suffers multiple 
fractures so that he has to be immo- 
bilised in bed for a considerable time. 
In such circumstances, there is a secon- 
dary effect on the disused bones so that 
the calcium from the immobilised skele- 
ton is excreted via the kidney and may, 
in some circumstances, cause trouble 
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Fig. 3 Part of the apparatus used for the 
automatic chemical analysis of medical samples. 

e samples are taken up by the crook and 
mixed with reagents in the plastic tubes ; the 
rate of take up is controlled by the propor- 
tioning pump. 


by the rapid formation of kidney 
stones. 

From those brief examples it is clear 
that multiple analyses may have to be 
done on the blood samples drawn from 
a patient every day. It is, therefore, 
obvious that there must be a strict 
limit to the size of sample taken; unlike 
industrial chemists, biochemists are 
accustomed to working with samples 
of extremely small volume. The 
average size of sample taken for a 
single analysis is 0.1-0.2 ml. (a fraction 
of a drop). Yet in spite of this, auto- 
matic methods of analysis have been 
evolved. 


Automatic analysis 


Many analytical chemists, faced with 
the task of repeating the same deter- 
mination over and over again on a 
series of samples, have dreamt of auto- 
matic machinery for doing this routine 
work. Such tasks are common in 
industry, where the progress of a reac- 
tion in a chemical works is often fol- 
lowed by repeated or continuous ana- 
lysis. With important financial returns 
involved, it is perhaps natural that auto- 
matic machinery was first introduced 
in chemical industry. The apparatus 
evolved was of various types but had 
perhaps one common characteristic. 
In general, the machines were made 
to duplicate exactly what was done by 
a technician. 

Now if one tries to apply the same 
principle to biochemical analysis, 
serious difficulties result. This is a con- 
sequence of the particular nature of 
medical biochemistry. The machinery 
has to make a precise measurement 
of a very small volume of blood or 
plasma, and the measuring apparatus 
must therefore be self-cleaning. With 
the very small volumes involved, any 
residual fluid adhering to the apparatus 
would cause a serious carry-over from 
one sample to the next. Furthermore, 
the first stage of most analyses involves 
the removal of protein—usually by cen- 
trifuging—and this is a very difficult 
operation to make automatic. It has 
been done by using automatic centri- 
fuges which will spin for a given time, 
then stop, then index themselves 
around until the rotor is in the correct 
position for mechanised unloading. 
However, the whole process is rather 
impractical and takes such a long time 
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that only a very limited number of 
results can be obtained in a given time. 
One experimental apparatus based on 
this principle could only do nine 
samples in a period of three hours’ 
working. 

The real break-through in this field 
came with an invention by the Ameri- 
can pathologist, L. T. Skeggs?. His 
apparatus, marketed commercially as 
the AutoAnalyser, overcomes the two 
difficulties in an extremely novel and 
efficient fashion. 


The AutoAnalyser 


The heart of the apparatus is a spe- 
cial proportioning pump, capable of 
pumping a number of channels simul- 
taneously. For each channel, a poly- 
vinyl flexible tube of appropriate bore 
is stretched over a platen which is 
spring-loaded against moving steel 
rollers. Any fluid in the tubes is milked 
along by the movement of the rollers; 
one tube, of narrow bore, is connected 
via polyethylene tubing to a stainless 
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Fig. 4 The dialyser, which works on theZsame 
principle as the artificial kidney. The reagent 
stream picks up constituents of the sample 
stream through a thin membrane ; the quantity 
picked up is a measure of the concentration of 
the sample. 
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Fig. 5 The output of the apparatus : a chart showing the concen- 
trations of a particular chemical in each of 31 test specimens. The 
peak heights for each specimen are read off against a series of 


standard concentrations (at left). 


steel crook. The samples for analysis 
are stored in small plastic cups arranged 
around the periphery of a sample plate. 
The plate and crook are geared together 
so that the plastic sample tube dips 
into each sample in turn for a period 
of one minute, with intervals of one 
half-minute during which the sample 
tube is open to the air. The measure- 
ment of the sample is, therefore, 
accomplished by accurate electrical 
timing of the one-minute period curing 
which the sample tube is pumping the 
sample at a constant rate (Fig. 3). 

By this means, a measured quantity 
of each sample in turn is pumped up 
the sample tube to a junction. Here 
it meets a continuous stream of a dilut- 
ing reagent pumped through another 
channel. The diluted samples are 
kept separate by uncontaminated dilu- 
ent which passes through the junction 
in the intervals between samples. This 
sample stream then passes into a dia- 
lyser (Fig. 4). 

In the dialyser, which works on the 
same principle as the artificial kidney 
apparatus, the stream of diluted sam- 
ples runs parallel to a stream of another 
reagent (the pick-up stream). The two 
streams are separated only by a thin 
cellophane membrane and the required 
constituent, for example urea, pene- 
trates. the membrane and moves across 
from one stream to the other in an 
attempt to equalise the concentrations 
on each side. Issuing from the dialy- 
ser, therefore, there is a stream of pick- 


up reagent which contains added 
amounts of the constituent under ana- 
lysis, the concentrations of the consti- 
tuent being related to the concentra- 
tions in the original samples. In this 
one step, therefore, the necessary sepa- 
ration from protein and other interfer- 
ing substances has been accomplished 
in a continuous process. 

The remainder of the apparatus is 
comparatively straightforward. Extra 
reagents which may be needed are 
added by using other channels of the 
pump and bringing the new reagents 
into the stream at suitable points by 
junctions. If necessary, the reaction 
mixture can be heated or cooled, and 
controlled at suitable temperatures, in 
baths containing long coils of glass tub- 
ing. The last stage in the analysis is 
normally the development of a suitable 
colour which is measured by passing 
the stream through a glass flow cuvette. 
A light beam falling on the cuvette 
passes through the coloured solution 
and falls on a photo-electric cell whose 
output is recorded continuously on 4 
strip chart. A peak appears on the 
chart corresponding to each sample 
(Fig. 5). 

The total time between a specimen 
passing through the pick-up area and 
the record appearing on the chart may 
be from 5 to 15 minutes. Thus al 
any one time there are several sam- 
ples at various stages in the apparatus. 
One sample may be just in the process 
of measuring at the sample plate, 
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another sample will be in the dialyser 
and others may be in the heating bath 
and in the flow colorimeter. However, 
the samples pass through in sequence 
and the order of the peaks on the chart 
is necessarily the same as the order 
of the samples on the plate. 

An additional measure to prevent 
cross-contamination between samples is 
the provision of air bubbles in each of 
the streams passing through the dialy- 
ser. Each individual bubble exerts a 
scrubbing action on the section of the 
tubing through which the streams pass 
and is essential to provide a clear-cut 
record in which each sample can be 
distinguished from the next. 

With such an involved series of pro- 
cesses separating the intake of the 
sample and the final recording of its 
concentration, there could be some dif- 
ficulty in calibrating the apparatus. To 
get over this, a series of standard solu- 
tions is run off at the start of each 
series of estimations, thus causing the 
apparatus to draw its own curve. It 
only remains to estimate the individual 
samples by relating their peaks to the 
peaks of the standard solutions. The 
standards and samples will all receive 
exactly the same treatment, for exactly 
the same time, at exactly the same 
temperatures. 

Since the apparatus is required to 
work unattended for periods of several 
hours at a time, it must be extremely 
stable in operation. This is only 
achieved by engineering of the highest 
standard. Particular attention must be 
paid to constancy of pumping speed, 


temperature control of baths and the 
stability of the light recording system. 
The fact that most analytical results 
can be repeated with an accuracy of 
1-2% is evidence that the necessarv 
engineering standard has been 
achieved. 

Although this apparatus was first 
devised to do the common estimations 
of blood urea and blood sugar, the 
development of new chemical circuits 
using the same fundamental parts of 
the instrument allows us to do many 
of the other analyses which are com- 
monly required. In most cases, a 
through-put of 40 analyses per hour 
is possible. This figure should be com- 
pared with the output of a human ana- 
lyst, who would be doing well to per- 
form 40 analyses per day when using 
hand methods. 


Effects of automation 


The most obvious effect of introduc- 
ing mechanical methods of analysis 
into a laboratory is that the staff can 
greatly increase their output of work. 
As a result we are managing to keep 
pace temporarily with the increased 
demand illustrated in Fig. 1. What 
will happen in the future is a matter 
of conjecture, because this is a situa- 
tion where Parkinson’s Law applies. 
So far, each technical advance increas- 
ing the speed of analyses has been 
followed by a corresponding increased 
demand on the part of the clinical staff. 

This is not to say that these demands 
are unjustified: all information, even 
if negative, helps treat the patient. 





Fig. 6. The AutoAnalyser. From right to left are the sample plate, proportioning pump, 
dialyser, photo-cell colorimeter and recording chart. 
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Yet from the laboratory point of view, 
the vastly increased output is not an 
unmixed blessing. Whether a sample 
is to be analysed by hand or machine, 
it still has to be checked in, booked, 
recorded and reported. The existing 
clerical staff who undertake -these 
important duties are hard-pressed. The 
sheer volume of information which 
requires handling is impressive; a good- 
sized laboratory may need storage 
space for 250,000-350,000 decimal 
digits each year, and it will soon 
become necessary to use automatic 
data processing methods. 

The technical knowledge involved in 
the maintenance and servicing of 
modern equipment is also causing 
inconvenience in some places. Many 
laboratories, at the moment, do not 
have access to skilled electronic engi- 
neers and so it is likely that advances 
in this field will be confined to a few 
large centres. In its turn, this means 
that the introduction of commercial 
apparatus is likely to make for greater 
uniformity in the chemical methods 
that are practised in different labora- 
tories. In many ways, this would be 
a good thing since it would tend to 
minimise the differences in the results 
produced by different hospitals. In the 
past, this has been a matter of con- 
siderable concern because a patient 
transferred from another hospital 
required a complete work-up by the 
new hospital Any measure which 
improves the uniformity of the results 
produced from different places will aid 
in the smooth transfer of patients. 

The 20 years between 1935 and 1955 
saw a series of advances which resulted 
in reliable methods for the analysis 
of biological fluids, using quantities 
which were small enough to make the 
methods applicable to human patients 
and even to infants. We have just 
started a new period during which the 
development of automatic methods will 
mean that full use can be made of 
chemistry in medical practice. In what- 
ever direction the new advances are 
made, the next 25 years are going to be 
a most exciting time. 
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From nerve to muscle 


up in many branches which make connexion with muscle fibres 
(m,, Mg, m3). The neuromuscular junction or end-plate region in 
three muscle fibres of the motor unit is shown in different views. 
| ° 
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Fig. | A vertebrate motor unit. A nerve cell (n) in the central 
nervous system sends out a prolongation—the myelinated nerve 
fibre—which after travelling a distance of up to a few metres breaks 
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How does a nerve control a muscle? With the help of new micro-tools scientists are exploring the 


remarkable chain of events from the original nerve impulse to the final contraction of the muscle. 


Broadly speaking the control of 
muscular activity may be of two types. 
One is relatively slow and diffuse, 
exerted through the blood; the other, 
exerted through the nerves, is more 
evolved, much faster and more dis- 
criminating. Although under special 
conditions skeletal muscle may be 
thrown into action by substances 
circulating in the blood, the main, and 
best known, control of its activity is via 
its motor nerve fibres. 


In our biceps, and other skeletal 
muscles, a single nerve fibre is directly 
connected to more than one muscle 
fibre; thus the “‘motor unit” consists of 
a motoneuron and all the muscle cells 
under its command (Fig. 1). Until 
recently most of our knowledge of the 
motor unit was a result of histological 
observations. But these have not been 
able to provide much information on 
the distribution of the elements of a 
motor unit within a muscle, or on their 
behaviour during activity. Now, with 
modern electrophysiological techniques, 
we are beginning to answer these ques- 
tions and build up a picture of nerve- 
muscle action. 


For instance, a microelectrode with 
a tip diameter of less than 1 micron 
(10* cm.) can be inserted into a 
muscle fibre to record its activity, in 
exclusion of the activity in the rest of 
the muscle. If a single motor nerve 
fibre is stimulated, and the muscle 
explored with the microelectrode, it 
then becomes possible to establish the 
Precise location of fibres belonging to 
the same motor unit. This type of 
analysis has been done for the 
diaphragm muscle of the rat, where a 
OVERY 


considerable scatter and intermingling 
of the constituents of motor units was 
observed. That is, the elements of a 
motor unit are not grouped in a tightly 
packed bundle as had been thought; 
quite the contrary, two fibres of a unit 
are seldom adjacent. One hemidia- 
phragm has about 10,000 fibres and a 
motor unit consists of some 10-20 
muscle fibres spread over one half or 
more of it. It is true that the diaphragm 
is a fairly specialised muscle: it is very 
broad and flat and almost continuously 
active. Nevertheless, in other muscles, 
including human, the territories of 
individual motor units also overlap 
greatly. 

At present, very little is known of 
how neuromuscular connexions de- 
velop. In this respect, one of the most 
important questions is how the pattern 
of a motor unit is originally established. 
The distribution of the fibres of a 
motor unit in the diaphragm can be 
explained if we assume that a new 
branch of the embryonic nerve fibre is 
unable to develop properly until some 
time after the pioneering tip of the 
fibre has been in contact with the 
muscle fibre. During this interval 
other nerve fibres would innervate 
adjacent muscle fibres, so that when 
the first neuron is ready to develop its 
branch it must travel across the muscle 
to find non-innervated fibres. This 
scheme would give us considerable 
intermingling of motor units, but we 
shall be unable to singularise it from 
many others, until more is known of 
the fascinating problems of growth 
and differentiation of tissues, and the 
establishment of interrelations between 
them. 


The functional motor unit 


The motor unit is a functional as 
well as an anatomical unit. One of its 
chief functions is to control gradations 
in muscular contraction. This is partly 
achieved by bringing into action addi- 
tional or fewer motor units. But 
anatomical and functional units may 
not fully correspond; that is, when a 
single nerve fibre is activated it does 
not necessarily follow that all the 
muscle fibres belonging to the unit will 
contract. In some cases an impulse 
will reach all the nerve terminals, but 
the local effect produced in some fibres 
will be so weak that these will not con- 
tract. Again, it has usually been taken 
for granted that once an impulse arises 
in the nerve cell, it will be propagated 
down the distributing line to all the 
muscle fibres. It turns out that this is 
not inevitably so. When the system is 
being driven at high frequencies for 
relatively prolonged periods, as it 
would be for instance during strenuous 
exercise, the nerve impulse may fail to 
invade some terminals. At first, the 
impulse reaches the ending only inter- 
mittently (see Fig. 2) and if stimulation 
is further prolonged it may cease to 
activate the ending altogether. 


This blockage of propagation of 
impulses to the nerve-muscle junction 
plays an important role in the produc- 
tion of neuromuscular fatigue; but at 
the same time it enforces a period of 
rest, during which the processes 
involved in the transmission of 
impulses recover. This in turn leads 
to more efficient transmission. It is as 
if the system had an inbuilt mechanism 
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protecting it against excessive stimula- 
tion. 


What does the nerve 
impulse do? 

We know from the classical work of 
Sir Henry Dale and his collaborators, 
that when a nerve impulse arrives at 
the motor nerve terminal it causes the 
release of a minute amount of acetyl- 
choline (ACh). The ACh produces a 
local depolarisation of the muscle fibre 
—the end-plate potential—and if this 
reaches a critical level a muscle impulse 
is set up and propagated all along the 
fibre. 


A considerable body of knowledge 
on some of these junctional events has 
been obtained by Prof. B. Katz and his 
colleagues, Drs P. Fatt and J. del 
Castillo of University College, London. 


They found that, in the region of the 
neuromuscular junction, muscle fibres 
exhibit a peculiar series of transient 
depolarisations (see Fig. 3). These 
potentials go on spontaneously all the 
time, and their amplitude is well below 
the threshold of the muscle fibre. For 
this reason they were named miniature 
end-plate potentials — minepps for 
short. It has also been known that 
anticholinesterases and curare will 
increase or decrease the action of 
externally applied ACh. At the same 
time the minepps are affected in a 
similar manner. This indicates that the 
spontaneous potentials, or minepps are 
due to a local action of ACh on the 
muscle fibre. 

The action of curare is interesting 
also in another respect. If a nerve- 
muscle junction is exposed to increas- 











Fig. 2 
nerve fibre in the phrenic nerve of a rat has been isolated. 
(see inset diagram), at a frequency of 64/sec. 
trace. 


Inconstancy of the functional motor unit during neuromuscular fatigue. 





A single motor 
The nerve fibre is stimulated at S 


: the stimulus signals are visible in the lower 
Potentials produced by nerve impulses reaching the neuromuscular junctions are 


recorded simultaneously with microelectrodes (A and B) inserted inside two muscle fibres of 
the motor unit. In some cases A fails to respond to an impulse, while in others the nerve 
impulse makes no impression on B. Small deflections in A are spontaneous miniature end- 


plate potentials, or minepps. 
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ing concentrations of curare, minepps 
do not vanish in all-or-none fashion 
but are progressively reduced in ampli- 
tude. This, plus the fact that increasing 
doses of ACh produce a smoothly 
graded depolarisation, indicates that a 
minepp is the result of a mult. 
molecular package of ACh impinging 
on the muscle fibre. The size of this 
package is fairly constant, even under 
very different situations, and we are 
therefore justified in talking about 
ACh quanta. 

A detailed analysis of the sequential 
time distribution of minepps has dis. 
closed that the quanta are released at 
random. Their frequency is of the 
order of one per second and is re 
latively constant in the resting muscle 
fibre over periods of many hours. This 
frequency, however, is quite variable, 
in spite of the constancy in the magni- 
tude of the ACh quanta. We have at 
hand a variety of agents which alter 
appreciably the frequency of minepps. 
This is of great interest to our main 
theme, because minepps are not merely 
an amusing scientific curiosity but the 
basic letter in the parley between nerve 
and muscle. 

Careful experiments has _ revealed 
that a nerve impulse releases almost 
simultaneously hundreds of AQ 
quanta, thus producing a super-thres- 
hold depolarisation of the musck 
fibre. That is to say, the nerve impulse 
raises momentarily the chances of 
quantal release of ACh by a factor of 
several hundred thousand; as a result 
we have a hundred or more quanta 
discharged in a fraction of a mill 
second instead of one or so per second. 
Since artificially lowering the potential 
of the nerve ending greatly increases 
the frequency of minepps, it would 
seem that the nerve impulse—in itself 
a wave of depolarisation—acts mainly 
by virtue of this mechanism. 

Thus the end-plate potential is built 
up of many quanta of ACh which are 
released by the action of the arriving 


nerve impulse. Normally, there is no} 


very much variation in the number of 
quanta released by successive impulses, 
but sometimes it may happen that at 
end- plate potential alternates between 
two or more sharply defined amplitudes 
(see Fig. 4). This suggests some 
organisation in the release of ACh 
quanta into bigger units, and I believe 
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Fig. 3 Spontaneous potentials (miniature end-plate potentials, or 
minepps) in a frog muscle fibre, seen on an oscilloscope. 


that this may be due to lack of activa- 
tion of a part of the terminal apparatus, 
as for instance one of the branches in 
Fig. 1. 

But what is the mechanism of ACh 
release, and how is the ACh stored in 
the nerve endings? We would also like 
to know for certain if the ACh pack- 
age reaches the muscle fibre surface as 
such, or if the ACh molecules of a 
quantum diffuse freely from the nerve 
ending. These are only some of the 
less known aspects of the problem, 
where more experiments are desirable. 

On the problem of storage of ACh 
within the ending we have at least an 
interesting clue, which arises from the 
study of the minute structure of the 
neuromuscular junction. This is basic- 
ally the same in human and other 
mammals and in the frog, although the 
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spatial arrangement of the latter is 
somewhat less complicated. A small 
portion of frog neuromuscular junc- 
tions is illustrated in Figs. 5 and 6. 
Several features deserve special men- 
tion. First, notice that both muscle 
and nerve are surrounded by a mem- 
brane so that there is no obvious 
continuity between them; that is, the 
electrical cable-like structures of nerve 
and muscle fibres are not continuous. 

Focusing our attention on the nerve 
ending, it is seen that besides mito- 
chondria and neural filaments, a most 
conspicuous constituent of the ending 
is a number of what appear to be small 
vesicles, some 500A in diameter. In 
view of the — electrophysiological 
evidence for ACh quanta, the possi- 
bility immediately suggested itself that 
these vesicles could be the packages of 


activity goes on continuously at the point where a nerve fibre makes 
contact with a muscle fibre. It has been found in all vertebrates so far. 


ACh responsible for the minepps. This 
is, indeed, a rather attractive hypo- 
thesis; but one which still requires 
decisive proof. One would like to tag 
a label to the ACh in the nerve ending 
and identify its location with certainty 
—a kind of very refined electron- 
microscopical histochemistry. This is 
by no means an easy problem, but 
maybe one which could be successfully 
tackled. 


What happens in the muscles? 


We come now to the next step in the 
chain. What is the mechanism of 
action of ACh on the muscle fibre? 
In the resting muscle cell there is a 
selective permeability to these ions so 
that there is an imbalance between the 
intra and extra-cellular concentrations 
of them. The present line of thought 
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indicates that ACh increases the perme- 
ability of the muscle fibre membrane 
to K, Na and possibly other ions. This 
results in a flux of ionic current along 
the muscle which reduces the mem- 
brane potential. 

We do not know, as yet, the basic 
physico-chemical events which lead to 
the permeability change, but we are 
beginning to get a distant view of the 
processes involved. The ACh combines 
on the muscle fibre surface with some- 
thing we call a “receptor.” Unfortu- 
nately, so far, receptors have remained 
essentially hypothetical entities. A 
familiar analogy would be the “‘active” 
sites of some enzymes before modern 
research disclosed their chemical struc- 
ture. 

If we had to give some definition of 
‘he ACh-receptor we would probably 
define it as a chemically reactive group, 
in a membrane structure, which when 
acted upon by ACh produces the well- 
known permeability and _ potential 
changes of the cell. We could perhaps 
add to this definition that the receptor 
appears to be spatially oriented in such 
a way that it can be reached by drugs 
applied to the outside of the cell, but 
not by those applied to the inside, since 
intracellular application of ACh has no 
specific effect. 

A substantial contribution to our 
understanding of receptors is being 





made by the  micro-ionophoretic 
method of drug application. Funda- 
mentally this is just an electrically con- 
trolled micro-syringe. A very fine 
pipette (tip diameter less than 1 micron) 
is filled with a concentrated solution of, 
for instance, acetylcholine chloride. 
ACh ions can then be ejected from the 
pipette by applying a positive voltage 
pulse to its inside. In this way it is 
possible to release ACh in controlled 
amounts, over periods of as little as a 
fraction of a millisecond. The total 
current flow through the pipette can be 
estimated from the potential drop 
across a resistance in series, thus giving 
us an indication of the amount of ACh 
ions released. To complete the experi- 
mental set up an intracellular electrode 
is used to detect the effects of ACh on 
the muscle fibre’s membrane potential 
(Fig. 7). 

Apart from its speed, one of the 
advantages which micro-ionophoresis 
has over more conventional methods of 
drug application is its great spatial 
discrimination: we can apply the ACh 
to a highly localised spot on the muscle 
fibre surface and study its effect there. 
This makes it possible to determine the 
local distribution of ACh-receptors 
along individual muscle fibres. 

Thus, it has been found that in 
normal fibres there are “junctional” 
receptors situated underneath the 


Fig. 4 Fractionation of single end-plate responses. A nerve impulse reaching a frog neuro- 
muscular junction produces either one of two potentials, here shown superimposed. Curarine 
was used to reduce the effect of nerve impulses, thus preventing muscle contractions. At the 
same time the concentration of calcium in the solution bathing the muscle was raised to cause 
fractionation of the end-plate potential. The fractionation is probably due to incomplete 


activation of the nerve endings in a junction. 
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For instance, in fibre m, of Fig. |, one of the two 
branches of the fibre may fail to be activitated. 





nerve terminal and “‘extra-junctional” 
receptors situated on the muscle mem. 
brane immediately around the junc. 
tional region. In mammalian muscle 
fibres the end-plate is only 20-3 
microns in diameter, while the zone of 
extra-junctional receptors occupies a 
cylindrical segment of muscle fibre 
about 1 mm. in length. It is clear, 
therefore, that the receptors are not 
strictly limited to the junctional region, 
Although ACh-receptors are distri- 
buted over this relatively wide area, the 
reactivity to ACh along the sensitive 
segment of fibre is not uniform. There 
is a maximum of sensitivity, which 
coincides with the point of neuro- 
muscular contact, from where it falls 
sharply at either side, to an undetect- 
able level: the gradient of sensitivity is 
such that it falls to one-tenth in about 
100-200 microns. In other words, the 
ACh sensitivity at the end-plate region 
is about 100,000 times greater than 
that obtained 1 mm. away from it. We 
have only begun to study the properties 
of junctional and extra-junctional re- 
ceptors; but it appears very likely that 
the gradient in the magnitude of the 
response to ACh, is due to differences 
in the density of receptors units along 
the fibre, and not to differences in the 
efficiency of individual receptors. 
Knowing the spatial distribution of 
ACh-receptors along a muscle fibre, it 
was interesting to enquire whether the 
electron micrographs show special 
features in the chemo-sensitive region. 
If we look back to Fig. 5 we notice that 
the muscle membrane shows some 
infoldings, known as synaptic folds. 
These are confined to the junctional 
region, and from the preceding para- 
graphs it is clear that ACh-receptors 


can occur outside them. Another} 


characteristic feature of the synaptic 


muscle surface is a denser “‘staining” f 
of those portions in closer contact with f 


the nerve, the significance of which is 


still unknown but unlikely to be due to f 
receptors. Here again, it becomes | 
highly desirable to develop special F 
electron-microscopical, and other tech- f 
niques, in order to reveal the minute § 
structure and location of the ACh 


receptors. 
imitation of nerve action 


If a micropipette is carefully placed 


on the neuromuscular junction it § 
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Fig. 5 Electron-microscope picture of a frog nerve-muscle junction. The 
region is here seen in longitudinal section, approximately corresponding to 
that of fibre m, in Fig. | (magnification x 42,000). The vesicle-like structures 
inside the axon are presumed to contain the ACh responsible for the miniature 


end-plate potentials. 











Fig. 6 Electron-micrograph of a cross-section of a nerve-muscle junction 


in the frog. This view approximately corresponds to that of fibre m, 
in Fig. | (magnification x 84,000). 











becomes possible to obtain, artificially, 
potentials which resemble quite closely 
in shape and amplitude those which 
occur naturally during neuromuscular 
transmission. For instance, a pulse of 
ACh lasting only 0°6 milliseconds 
applied to a junction on the rat 
diaphragm, evoked the depolarisation 
shown in Fig. 8. The total amount of 
current which flowed through the 
pipette was 7 x 10-** coulombs. Of 
these, probably about 2 x 10 
coulombs were transported by ACh 
which indicates that some 10’ mole- 
cules of ACh were released from the 
pipette. This relatively small amount 
of ACh produced a potential which is 
about 10 times greater than that pro- 
duced by the physiological quantum of 
ACh. 

Since in these experiments the ACh 
is applied very near the site of action 
of ACh normally released from the 
nerve endings, it becomes possible to 
obtain a rough estimate of the ACh 
equivalent of a minepp. In the best 
cases, several hundred thousand mole- 
cules of ACh sufficed to produce a 
potential the size of a minepp. 

Now, it would be practically impos- 
sible to pack 10° molecules of ACh 
inside a synaptic vesicle of the type 
seen in the electron microscope 
pictures. But this does not mean that 
we have to discard the idea of vesicles 
as containers of the ACh quanta, since 
the figure arrived at sets only the 
upper limit to the number of ACh 
molecules responsible for a minepp. 
The actual number is proba’ly smaller, 
because the fastest potentials produced 
by ionophoretic pulses of ACh are still 
somewhat slower than the minepps and 
last about twice as long, and because 
the proportion of ACh molecules 
which reach the receptors is presum- 
ably greater when the ACh is released 
by the nerve ending than when it 
comes from the more distant tip of the 
Pipette. 


Efficiency of an 
ACh molecule 


From the record of potentials, like 
that in Fig. 8, it is possible to estimate 
the total displacement of electric 
charge due to the ionic current pro- 
duced by an ionophoretic pulse of 
ACh. Even if we assume that all the 
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ACh molecules released from _ the 
pipette reached the receptors, we find 
that each ACh molecule produces a 
change in electric charge which corres- 
ponds to a net transfer inwards of tens 
of univalent cations (for example, Na 
or K ions). If we allow for the fact 
that some of the ACh which comes out 
of the pipette is lost because it diffuses 
away without reaching the receptors, 
then we find that the net transfer of 
univalent cations produced by each 
ACh molecule is of the order of a 
hundred. Even this effect can be 
further increased, since normally the 
action of ACh is terminated—either it 
eventually diffuses away from the 
muscle fibre surface or it is destroyed 
by the enzyme cholinesterase, which is 
concentrated at the neuromuscular 
junction. It is, therefore, clear that we 
have here an interesting mechanism of 
amplification, which is remarkably well 
suited for the transmission of an 


impulse, from the relatively small 
nerve ending to the much larger muscle 
fibre. 

We have described briefly the pro- 
pagation of nerve impulses along the 
distributing line, and said that on 
arrival at the nerve endings the impulse 
causes a simultaneous release of many 
quanta of ACh. The ACh combines 
with the receptors, and each molecule 
of ACh produces an inward net trans- 
fer of hundreds of cations. This ionic 
current depolarises the muscle fibre 
and generates a muscle impulse, and 
thus a contraction, which are propaga- 
ted along the entire length of the fibre. 

In spite of some dark gaps, our 
understanding of the structure and 
function of the neuromuscular junction 
is quite sound, and the perspectives for 
further advancement are encouraging. 
What is more, one of the main attrac- 
tions of the nerve-muscle system is that 
its components are amenable to quanti- 





Fig. 7 The experimental arrangement used for micro-ionophoretic application of drugs to 


the neuromuscular junction. 


A muscle is immersed in saline solution. 
filled with a solution of acetycholine chloride (AChCl), is inserted. 
to the inside of the pipette causes the positive ACh ions to move outside. 
the muscle fibre producing a change in potential across its membrane. 
an electrode inserted inside the fibre and connected to channel A of an oscilloscope. 


A micro-pipette, 
A positive pulse applied 
The ACh acts on 
This is recorded by 
The 


currert flowing from the pulse generator (P) through the ACh pipette goes to earth via a 


“monitor” resistance (Rm). 


The potential drop across this resistance is recorded in channel 


B and gives a measure of the ACh ions ejected from the pipette. 
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tative experimental testing. Further- 
more, many of the findings obtained 
in it are relevant to the understanding 
of the process of transmission of 
impulses between less easily accessible 
cells in the brain and other regions. 

But are neuromuscular connexions 
only there for the purpose of transmit- 
ting impulses from nerve to muscle? 
Recent experiments have shown that 
the nerve exerts a direct control on the 
chemo-sensitive properties of the 
muscle fibre.” It seems, therefore, 
that nerves have other long term 
influences of a more elusive type than 
their impulses; influences which may 
have important implications on the 
functional differentiation of cells and 
other phenomena. 
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Fig. 8 Potential produced by a brief jet of ACh applied iconophoretically to a neuromuscular 
junction in an isolated rat diaphragm. Top traces record the intracellular potential of the 
muscle fibre while lower traces record the potential across the monitor resistance (cf. Fig. 7). 
When the inside of the pipette was made positive, ACh came out and produced the potential 


change shown in A. 


In B, the inside of the pipette was made negative, thus ejecting Cl ions. 


This does not produce any effect apart from a brief interference artifact. 





THE PROGRESS OF SCIENCE (continued from page 423) 


Communication or 

frustration in space? 

“Project Needles,” or Project West 
Ford—the Lincoln Laboratory’s neat 
system for achieving round-the-world 
microwave telecommunications by 
means of tuned dipoles spread in two 
belts round the Earth (for full descrip- 
tion see DiscOvERY, November, 1960) 
—is having the kind of devious career 
that rightly draws suspicion from the 
scientific community. This is in con- 
trast to the forthright impression made 
by the admirable presentation of the 
proposal at last year’s U.R.S.I. meeting 
for discussion by the international com- 
munity of radio scientists. 

It has emerged in the last month that 
the project was basically a military 
scheme. It would have been better if 
this had been admitted openly, rather 
than left to inference, from the start. 
In a coid war situation, however, this 
type of double-think over major 


450 


scientific projects is becoming increas- 
ingly common. Yet it is disillusioning 
that the technical reassurances to 
optical and radio-astronomers made so 
emphatically in the U.R.S.I. paper have 
now proved misleading. Scientists were 
then assured that the metallurgy o* the 
tin of which the hair-thin dipoles were 
to be composed, was such that their 
lifetime in orbit could be controlled 
accurately to last from three monihs to 
as many or more years. The action on 
the metal of the alternation of intense 
cold and heat as the dipoles were 
swept in and out of the Earih’s shadow 
would reduce them to a fine powder 
in a precisely controllable period. 
Also, the size of the dipoles would 
not interfere with any scientific obser- 
vations of the heavens from the ground. 
It became clear at the C.O.S.P.A.R. 
meeting at Florence this spring that 
this claim was quite unjustified. In 
fact the light-scattering properties of 


the disintegrated dipoles were judged 
likely to constitute a more serious 
optical screen than the radio screen 
which _radio-astronomers’ at __ the 
U.R.S.I. meeting viewed with such 
acute dismay. 

In spite of this, it was announced at 
the C.O.S.P.A.R. meeting that the 
United States intended to launch the 
“needles” into space before this year 
was out. The recent meeting at 


Berkeley, California, of the Interna: [ 


tional Astronomical Union devoted 


grave and urgent attention to the um [ 


certainty still existing over whether of 
not two belts of microwave reflectors 


up to 100 km. wide lying at a distance f 


of 5,000 to 10,000 km. from the Earth 


would or would not confuse and frus- f 


trate astronomical observations. These 


are already sufficiently hampered by ¥ 


other man-made activities, such 4 
atmospheric pollution and unrestricted 
short-wave radio transmissions. 
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Learning and memory 


in old age 


As we grow old our capabilities decline. In this article a psychologist summarises 


the evidence for the loss of intellectual abilities with ageing, and relates 


them to the employment of old people and the important decisions 


a man must make in his 50’s. 


J. GRAHAM WHITE 


Possibly at no time in man’s history has interest in the 
older members of the community been more acute than it 
is at the present. This statement applies particularly to 
Western Europe and North America, where medicine has 
made the most striking advances in prolonging human life; 
but it is likely to be true of other countries as their medical 
and welfare services begin to have the same effect. The 
interest stems from many sources, chief among which are 
probably the inability of the small conjugal family unit 
that has developed in Western industrial societies to absorb 
and sustain its other members and provide them with 
meaningful activities; the need for industrial workers to 
acquire new and sometimes more complex work skills in 
order to remain in useful employment; and the humani- 
tarian desire not to abandon older people to a retirement 
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Fig. | The rise and fall of intelligence with ageing. The vertical 


scale represents the average IQ scores in a widely-used adult 
intelligence test. (Courtesy of Dr Wechsler). 
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that entails, in varying degrees, reduction of income, loss of 
status, boredom and ill-health. 

What any society can do for its older people, apart from 
merely providing them with physical care, will obviously 
depend on their ability to acquire and retain (that is, learn 
and remember) new attitudes, interests and skills, to replace 
those that fall into disuse, with either technical changes 
(for most people these will be changes in industrial tech- 
niques), or on their retirement from active employment. 
This problem of modifying well-established patterns of 
behaviour is one that has fallen to the study of the experi- 
mental and applied psychologist, and what we have so far 
learned about it is the subject of the present brief review. 


Decline in intellectual ability with age 

The assumption implicit in the discussion that imme- 
diately follows is that intellectual capacity and learning 
capacity are closely related though not identical. Common 
observation and numerous studies carried out on school 
children, university students, members of the armed forces, 
and industrial apprentices, have tended to give strong 
support to the assumption. 

That decline in intellectual ability accompanies increas- 
ing age after maturity has been reached—for most abilities 
some time in the twenties—must now be accepted as an 
established fact. There are many ways in which this fact 
can be illustrated. One of the simplest is to show the trend 
by age-group of the average scores made on a test of adult 
intelligence widely used in the United States and the United 
Kingdom at the present time (Fig. 1). 
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Fig. 2. The productive output with age of 45 poets (full line) and 90 
physicists (dotted). The vertical scale represents the average rate of 
productivity over each five-year period, with the highest average for 
each author as 10C%. The rise in the tail of the physicists is almost 
entirely due to Galileo who, at 72, published his massive work 
“Dialoghi delle Nuove Scienza’. (Courtesy of Princeton University Press.) 
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Fig. 3 Age versus production of 53 orchestral works by a number of 
composers (full line) and 71 influential books by 46 authors (dotted). 
The music was chosen on the criterion that it had “stood the test of 
time” ; the books were selected by a panel of critics and philosophers. 
Courtesy of Princeton University Pres~.) 


This graph can be duplicated for other tests; it will vary 
slightly according to the different abilities sampled—for 
example, the decline will be steeper for non-verbal abilities 
than for verbal ones—but the general trend will be the same. 


Assuming that measured intelligence bears a positive 
relationship to quality of nervous system (which seems a 
reasonable assumption to make), then we should expect 
that the graph of intellectual decline could be paralleled 
by graphs showing similar decline in anatomical structures, 
on which intelligent behaviour is supposed to depend. So 
far there is no direct evidence from anatomical studies that 
allows us to do this. Certainly, middle- and low-grade 
mentally defective people often suffer from demonstrable 
brain lesions, which we may suppose are not unconnected 
with their inability to maintain themselves independently 
in the community. There would certainly seem to be some 
positive correlation here between anatomy and function. 

So far as differences between old and young brains and 
their bearing on intellectual capacity are concerned, how- 
ever, it has so far proved impossible to demonstrate any 
convincing relationship between decline in physical struc- 
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tures and the decline in mental functions that accompanies 
ageing. In fact, it has often been impossible to detect any 
structural changes at all. It is true that we have fairly 
good evidence that the brain loses cells as it grows older, 
On the other hand, the fact that it decreases in weight from 
about the age of 30 onwards cannot be advanced a 
evidence of the likelihood that intellectual capacity declines 
similarly. No reliable correlation has ever been demon. 
strated between brain size and intelligence. 

Turning to neurophysiology, one finds that there is some 
evidence, from the brain stem and spinal cord levels of the 
nervous system, to show that the latencies of normal 
plantar, pupillary and abdominal reflexes are greater in 
older than younger people. This is important since one of 
the certainties, in this relatively uncharted field, is the 
slowing down of response times with older people. 

Biochemical studies of animal brains also suggest that the 
oxygen consumption of the brain decreases in the aged: 
but we cannot be sure that this is true of human brains. 

The main obstacle to knowledge in this field is, of course, 


‘the near-impossibility of obtaining older human brains, 


both free from the effects of disease and soon enough after 
death to obviate many of the changes brought about by 
death itself. Besides, after death no direct comparison is 
ever possible between the brain and any of its supposed 
functions; and how it functioned before death will usually 
not be recorded. 

So far, therefore, the psychologist has obtained very little 
from his colleagues in the biological sciences that will 
either support or refute his own observations of decline in 
mental functions with age. The psychological evidence for 
decline, however, is strong; and some of this evidence will 
now be considered. 


Evidence for decline 


Before discussing the results of experimental studies, we 
must mention the painstaking biographical research of 
Lehman (1953), since it shows dramatically and compre 
hensively what happens to various kinds of intellectual 
output with increasing age. Lehman produced a series of 
graphs which illustrate, for a number of scientific and 
artistic fields, the average contribution made by workers it 
these fields at different periods in their lives (Figs. 2 and 3) 

It is clear that other factors, apart from sheer intellectual 
capacity, will contribute to decline in the number of out- 
standing achievements in a man’s scientific or artistic 
career as he gets older. Nonetheless, it can probably te 
safely assumed that native ability is a very important 
component. Whatever the reasons, it is evident that man’ 
intellectual creativity generally reaches its peak in the 30' 
and declines fairly steadily and inexorably thereafter. 

Lehman’s evidence is indirect. Let us, therefore, turn 10 
the more direct approach of the experimentalist, especially 
as it concerns the mental functions of learning and remem: 
bering. 

Initially the question to be answered was whether, if 
fact, the abilities to learn and to remember what one has 
learned did, in fact, decline with increasing age, as sug 
gested by accumulated folk wisdom. From a welter of 
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experimental studies the answer to this general question 
is that it indubitably does. 


Decline starts in early adulthood and proceeds slowly 
until about the age of 50, when it becomes more pro- 
nounced until 70 is reached, gathering speed after that. 
It is slower in more able people than it is in the case of the 
less able. These findings, however, do not constitute the 
whole answer. Closer scrutiny of the process of learning 
and remembering something new has already yielded some 
positive suggestions for mitigating the effects of the decline, 
especially as regards the re-training of older workers and 
retirement. 


For purposes of study, the learning and remembering 
processes have usually been broken down into stages. In 
this context it will be necessary to cite only two of these. 
Thus, in order to acquire some new information or skill 
the learner must understand what it is he is supposed to do. 
This is a factor which, it appears, may possibly have been 
overlooked by some experimenters with the result that 
faiiure to learn has been confused with failure to under- 
stand the experimenter’s instructions. Older people cer- 
tainly require more time to assimilate a new procedure. 
To this first act of understanding the person will bring with 
him information and skills already acquired and stored as 
a result of experience with similar situations in the past. 
This may both facilitate and interfere with new learning 
according to how similar or different the new and the old 
situations may be. 


The next step in the process entails the retention of what 
the individual has understood of the procedure outlined to 
him in the instructions. Some investigators (for example, 
Welford, 1958) have likened the mechanism involved in 
short term retention of this kind to “ self-regenerating 
neuronal circuits,” which can easily be disrupted by further 
neuronal activity. It is this mechanism, Welford believes, 
that is particularly liable to break down in old age. 


Summary of evidence 


The evidence for decline in old age has been collected 
from many experiments and sources, and can be sum- 
marised as follows: 

Older adults are more susceptible than younger to 
interference at the “short-term retention” stage of 
learning. 


The difficulty of a learning task, in terms of either the 
amount or complexity of what has to be learned, and 
the time allowed for learning it, all have a far greater 
effect on learning in old age than in youth. 


Deterioration in learning ability with age depends to a 
large extent on the nature of what is to be learned. 
For example, the present writer has shown that the 
untimed acquisition of new vocabulary is very little 
affected by increasing age; whereas, learning to control 
a set of lights by pressing appropriate keys was shown 
by Kay (1954) to be seriously affected; 


Older people vary more among themselves than do 
younger people in their capacity to learn. 
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It has often been suggested that older people fail to 
learn because they are less interested in learning than 
younger people. This does not seem to be so. For 
example, Shooter et al (1956) were able to show that 
older London tram-drivers took longer to re-train as 
*bus-drivers than did the younger drivers, even though 
their jobs depended on their successfully acquiring the 
new skills. 


Skills can be retained intact much beyond the age at 
which they could be easily acquired: remembering 
seems to be easier than learning for older people. 


Deterioration in the quality of learning with age is due 
more to changes in central than to changes in peri- 
pheral organs. Sensory deficiencies can be more easily 
compensated for than deficiencies in the central 
nervous system. 


Conclusions 


Not all these findings can have equal implications for 
practice; but in general the following can be said, first, as 
regards employment policies and, secondly, as regards 
retirement. 


Employment: After the age of 50, at the latest, no one 
should be given a job to do requiring the acquisition of 
skills essentially different from those he has been pre- 
viously employing. New work should bear close similarity 
to previous work, and should make as much use as possible 
of past skills. The more dissimilar the new to the old, the 
longer the time allowance should be for learning, and the 
more attention should be paid to the methods of instruc- 
tion, of job lay-out, and so on. The initial stages of learning 
are particularly important. It will be of more help to an 
old worker to adjust an old job of a similar kind to the one 
he has been used to, than to give him an entirely new job, 
which may be objectively easier. 


Retirement: If new learning on the job becomes pro- 
gressively more difficult after 50, this applies equally to the 
acquisition of new leisure-time interests and hobbies, which 
should be started probably at latest in the 40’s, so that they 
will be available on retirement. This is a prescription more 
easily stated than followed. If one’s working life is filled 
with doing a particular job, one may well have neither 
time nor energy left over to develop interests and skills on 
which one can fall back in retirement. This is a dilemma 
for whose solution not only the employee but also his 
employer should accept some responsibility. All work and 
no play may not only make Jack a dull boy; after he is 65 
it may well make him a most unhappy one. 


Finally, we may ask how far do our older people either 
wish or, indeed, need to be helped in the ways suggested? 
At the moment it merely seems likely that they may require 
and desire advice and help of this kind. At least one study 
is in progress at the present time designed to discover how 
a group of over-sixties living in an urban community are 
getting on with whatever intellectual resources (also under 
investigation) they may possess. 
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A. U. SMITH 


Gooling animal life 


As long ago as 1798, James Currie 
treated a case of insanity by immersing 
the patient in a cold bath for 45 minutes 
during which time his internal body 
temperature fell to 28°C (83°F). One 
hundred and forty years elapsed before 
hypothermia was again used clinically, 
this time as a means of treating cancer, 
by Temple Fay and Laurence Smith in 
1938. Interest was thus roused in the 
physiological effects of reducing the 
deep body temperature. 

By 1948 it seemed firmly established 
that adult non-hibernating mammals 
would not withstand cooling to internal 
body temperatures below a level 
characteristic for each species and 
between 25°C (78°F) in the dog and 
15°C (59°F) in the rat. This was 
because breathing and heart beats 
ceased and were not resumed when the 
animals were rewarmed. Observa- 
tions on cases of accidental exposure 
and the results of Nazi experiments on 
prisoners of war in concentration 
camps suggested that 25°C (77°F) was 
the lethal body temperature in man. 

Then, in 1950, Bigelow and his co- 
workers in Toronto published a series 
of papers on the oxygen consumption 
of dogs at reduced body temperatures 
and on the factors involved in their 
survival. The brain is particularly 
sensitive to oxygen lack at normal 
body temperatures and its circulation 
cannot be arrested for more than three 
minutes without irreparable damage 
due to deprivation of oxygen. At deep 
body temperatures of 20°C, however, 
the oxygen requirements of the brain 
and other tissues are greatly reduced 
and the dog heart can actually 
excluded from the circulation for 15 
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What is death? Rats have been held at almost freezing temperatures 
for an hour, apparently ‘‘dead”’, and then revived with their memories 
of formerly acquired skills unimpaired. A bull which ‘‘died” six years 


ago continues to act as a father. 


At one London hospital scores of 


successful operations have been performed on patients cooled t 


temperatures previously regarded as lethal. 


The medical and biological 


implications of recent researches in hypothermia are discussed in this 


article. 


minutes without injury. Bigelow sug- 
gested that the use of hypothermia 
would permit intracardiac operations 
for otherwise incurable diseases of man 
and might also extend the scope of 
surgery on other organs. 

In 1953 Lewis and Taufig reported 
from Minneapolis that they had 
actually succeeded in closing a hole in 
the inner wall of the heart in a hypo- 
thermic patient. Surgeons in Britain 
and elsewhere were soon performing 
hitherto impossible operations on the 
interior of the heart in hypothermic 
children and adults. They were given 
artificial respiration to keep the blood 
well oxygenated as breathing slowed 
and became inefficient at reduced body 
temperatures. Hypothermia was also 
used for difficult cases of brain surgery 
and for a wide variety of dangerous 
operations inside the chest and abdo- 
men. In most of the early cases the 
internal body temperature was slowly 
reduced by cooling the surface of the 
body with ice packs or in a cold bath. 

Meanwhile, Boerema in Holland, 
Delorme in Edinburgh, and Gollan in 
the U.S.A. had demonstrated experi- 
mentally that the entire body could be 
rapidly cooled and then rewarmed by 


diverting part of the blood streamf 


through a circuit outside the body con- 
necting an artery to a vein or else: 
vein to another vein. One advantag 
was that the rate of fall and the sub- 
sequent rate of rise of internal body 
temperature could be accurately con 
trolled. Sir Russell Brock and D. N 
Ross were among the first to develop 
the technique for human cardiac sur 
gery. They put a simple pump into 
the external circuit and also included 
coil of tubing which could be immersed 
either in a refrigerant bath or else ina 
warm bath. Their circuit, which is 
shown in Fig. 1, started in the greal 
vein from the upper part of the body 
and ended in the great vein from the 


lower part of the body where thes} 


vessels enter the heart. 


Until quite recently, the body temp 


erature was never reduced below 29°C 


(84°F) whichever method of cooling) 


was adopted. This was because i 
temperatures between 25 and 28°C the 
individual heart muscle fibres usually 
cease to function in their normal cot 
certed manner and adopt an indeper 
dent action This produces a weak, 
irregular, inco-ordinate beat known 4 
fibrillation. It was thought that th 
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heart would not recover from this con- 
dition which was regarded as one of the 
major hazards of hypothermia and 
a warning not to cool the heart or 
the body as a whole below an internal 
temperature of 29°C. Unfortunately, 
the heart could only be excluded from 
the circulation for eight minutes at this 
temperature without endangering the 
brain and other vital organs, including 
the heart itself, from lack of oxygen. 
Intracardiac surgical procedures were 
therefore limited to those which could 
be carried out within this brief period. 
The eight-minute limitation can be 
abolished if the blood is passed 
through an artificial heart and lungs in 
a circuit outside the body. A circula- 
tion of oxygenated blood can then be 
maintained to the brain and all the 
vital organs while the heart is excluded 
from the circulation for repairs. The 
nutrition and respiration of the heart 
itself can be looked after by transfusion 
into the coronary blood vessels which 
supply its muscular wall. Melrose, 
working at the British Post-graduate 
Medical School, has developed one of 


| the most satisfactory heart-lung 
| machines. He also made the important 


observation that the heart could be 
arrested by injecting potassium citrate 
through the coronary vessels and 
restarted later by renewing the circula- 
tion of blood. Fibrillation was avoided 
and the oxygen and food requirements 
of the stationary heart were greatly 
reduced. Meanwhile the rest of the 
body was supplied with oxygenated 
blood from the heart-lung machine. 
Under these conditions hypothermia 
seemed unnecessary. However, 
evidence is now available suggesting 
that heart muscle fibres are damaged 
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during arrest by excess potassium at 
normal temperatures. Many surgeons 
therefore prefer to include a refrigera- 
ting system as well as a pump and 
oxygenator in the external blood cir- 
cuit connected to their patients under- 
going cardiac surgery. Gollan in the 
U.S.A. used this arrangement in 1954 
on dogs and made the remarkable 
observation that the animals survived 
one hour of cardiac arrest at internal 
temperatures close to O°C_ while 
oxygenated fluid was pumped through 
the blood vessels supplying the rest of 
the body. Part or all of the blood could 
be replaced by a weak solution of suit- 
able salts when the body temperature 
was below 10°C. 


Revival of ice-cold rats 


An even more remarkable observa- 
tion had already been made in 
Belgrade in 1951 by Andjus. He found 
that 20 per cent of intact adult rats 
could be fully revived after cooling the 
surface of the body in ice until 
the internal body temperature reached 
between 0° and 2°C and until breath- 
ing, heart beats and circulation had 
been arrested for one hour. His tech- 
nique of resuscitation was very simple 
and consisted in applying a heated 
spatula to the chest wall over the heart 
and puffing air into the lungs until 
regular breathing and heart beats were 
re-established. 

When Andjus joined the staff of the 
National Institute for Medical Research 
in 1953 we enlisted the help of Love- 
lock to develop methods for efficient 
local heating of the heart in intact rats. 
As a result it became possible to re- 
suscitate 80 to 100 per cent of ice-cold 
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freezing in a bath at —5°C. 
1955-6, Athlone Press.) 


OVERY 


(A. U. Smith, Lectures on the Scientific Basis of Medicine, vol. 5, 
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in refrigerant 


Fig. | Diagrammatic circuit of the 
course of the blood in blood-stream 
cooling. (After D. N. Ross, Ann. Roy. 
College Surgeons Eng., 1959, vol. 24.) 


rats after they had, according to the 
usual clinical criteria, been dead for 
one hour. During the period of sus- 
pended animation no electrical 
impulses could be recorded from the 
heart or brain. Nevertheless rats which 
had previously learned to solve prob- 
lems, such as finding food in mazes, 
showed no loss of memory when con- 
fronted with the same problems after 
they had recovered from the experience 
of resurrection from death. This threw 
doubt on the theory that memory 
depends upon the continuous passage 
of impulses around complex nerve 
circuits in the brain. 

The idea that resuscitation of ice- 
cold animals depended upon heating 
the heart locally soon proved to be 
incorrect. Niazi and Lewis in the 
U.S.A. have revived rats, dogs and 
monkeys by rewarming the whole 
body from a deep body temperature 
near 0°C. Artificial respiration on the 
other hand was essential, and they 
obtained their best results when oxygen 
containing 5 per cent CO, was insuff- 
lated into the lungs. Goldzveig and I 
found that ice-cold rats and mice could 
be reanimated easily by rewarming 
under ordinary electric light bulbs 
while air was insufflated into the lungs. 

One direct development from the 
work of Andjus was the demonstra- 
tion in my laboratory that golden 
hamsters would revive after freezing 
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for as long as one hour in baths at 
-5°C. The skin and subcutaneous 
tissues reached a temperature of -4°C 
and contained much ice. There were 
also ice crystals in the blood and 
around and within the vital organs 
including the heart and brain. The 
internal body temperature reached 
-1°C in many hamsters which sub- 
sequently recovered completely (see 
Fig. 2). The most effective means of 
resuscitation was to thaw the whole 
body with diathermy and to continue 
warming gently and giving artificial re- 
spiration until the circulation and 
natural breathing were restored. The 
previously frozen hamsters showed no 
signs of frost-bite unless the ears and 
paws had been bent when frozen stiff. 
Other hamsters which were immersed 
in baths at -5S°C became supercooled 
and, in some, the internal temperature 
fell to -5°C without formation of ice 
anywhere in the body, even though 
the freezing points of hamster 
blood and tissue fluid are approxi- 
mately -0°6°C. These supercooled 
animals also recovered fully after 
rewarming provided that artificial 
respiration was given. Hamsters did 
not revive if frozen for longer than one 
hour at —5°C, or if frozen at tempera- 
tures below -8°C, or if freezing took 
place after a preliminary phase of 
supercooling. 























































What is death? 


The surprising result was that any of 
the animals revived after arrest of 
breathing and heart beats at body 
temperatures either above or below 
freezing point. It raised the problem 
of the diagnosis and definition of death; 
we can only say that it is the condition 
from which reanimation is not pos- 
sible by any currently known means. 
In Moscow an entire Institute is 
devoted to the study of reanimation. 
Its Director, Professor Negovski, dis- 
tinguishes between clinical death and 
biological death. One of his recent 
discoveries is that death from severe 
blood loss in dogs, monkeys and even 
in man can be averted by reducing the 
internal temperature of the body to a 
moderate degree (about 25°C in dogs) 
by cooling the surface of the body. 
Reanimation is subsequently effected 
by a complex ritual of intra-arterial 
injection and transfusion, by defibril- 
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©, Oxygenator S.V.C. superior vena ava 
HE. Heat exchanger 1.V.C. inferior vena ave 
T Bubble trap RLV.” right ventricle 
LV. left ventricle 


Fig. 3 The perfusion circuit used for in- 
ducing hypothermia in a dog. (Kenyon in 
“Hypothermia and the effects of cold,” 
British Medical Bulletin, vol. 17, 1961.) 
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Fig. 4 Changes in porta hepatis tempera- 
ture, arterial pressure and perfusion rate, 
during perfusion hypothermia in a dog. 
(Kenyon, 1961, British Medical Bulletin, vol. 17.) 


lating and massaging the heart, and by 
giving artificial respiration and re- 
warming the body. 

Revival after arrest of the breath- 
ing, heart beats and circulation and 
after cooling to body temperatures 
close to 0°C is not restricted to rodents. 
Kenyon and his co-workers at St. 
Mary’s Hospital have cooled the blood 
stream of anzsthetised dogs by the 
simple system illustrated in Figure 3. 
The temperature of the heat exchanger 
is reduced to 0°C. The brain rapidly 
cools to 20°C, when electrical impulses 
can no longer be recorded from it. At 
the same time the body temperature 
measured close to the liver drops pre- 





cipitously to 15°C (see Fig. 4) and 
heart beats cease as shown in electro. 
cardiograms (Fig. 5). Artificial re. 
spiration is then discontinued. When 
the deep body temperature reaches 
about 5°C the pump in the external 
circuit is turned off and as much 
blood as possible is drained from the 
body through the tubes connected to 
the great veins and to the aorta. The 
animal is cold and lifeless without 
breathing, heart beats or circulation, 

Surgical incisions are completely 
bloodless and complex operations can 
be carried out in the interior of the 
heart or any other organ during the 
next 45 minutes. The circulation must 
then be restored and body temperature 
raised by pumping warm oxygenated 
blood back into the animal. Electrical 
impulses from the heart, which com- 
pletely disappear at about 68°C 
during cooling, reappear at about 10°C 
during rewarming, as shown in Fig. 5. 

Sometimes abnormal waves indica- 
ting ventricular fibrillation are re 
corded; they may disappear 
spontaneously as the temperature rises; 
in other instances the fibrillation dis- 
appears if the blood stream is recooled 
and a normal cardiac rhythm is estab- 
lished when the circulating blood is 
again warmed. When the temperature 
of the brain reaches about 28°C elec- 
trical impulses reappear on the electro- 
encephalogram. 


Heart operations on humans 


Even the best artificial oxygenators 
for blood are inferior to the human 
lung. Large volumes of extra blood 
have to be provided to prime thes 
machines, and drugs or chemicals have 
to be added to prevent clotting. There 
is a risk of damage to blood cells and 
of changes in the plasma. Another 
hazard is that bubbles of oxygen might 
be carried back into the body and 
block capillaries in the brain and 
elsewhere. 

Drew and his team at the West 
minster hospital have dispensed with 
the need for an artificial oxygenator by 
using the patient’s own lungs. He us¢s 
one pump to replace the right ventricle 
it drives the venous blood from th 
right auricle into the pulmonary artery 
and so round the lungs. The oxygena 
ted blood returning to the left aurick 
is led to a second pump which replaces 
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the left ventricle; it forces the blood 
through the heat exchanger and then 
round the entire body. 

Drew’s circuit, which forms the basis 
of the heart-lung machines commonly 
used in operating theatres is shown in 
Fig. 6. Using this arrangement patients 
are rapidly cooled below 28°C, the 
temperature at which the heart fibril- 
lates; they are cooled still more until 
the whole body is below the tempera- 
ture of cardiac arrest. At about 13°C 
the pumps are stopped and artificial 
respiration is discontinued. The great 
veins entering the heart are clamped, 
and the blood is drained from both 
sides of the heart into the external 
reservoirs. The aorta is also clamped 
off to prevent air from entering it 
when the heart is opened. Operations 
lasting as long as 45 minutes can then 
be carried out on the cold, motionless, 
bloodless heart. 

After the heart has been repaired, 
the two pumping systems are restarted 
and the blood is rewarmed. In some 
cases the heart fibrillates during re- 
warming; it may either recover spon- 
taneously or after treatment with elec- 
tric shocks from a special defibrillator. 

Up to January 1961, 90 cases, vary- 
ing in age from three months to 60 
years and suffering from a wide variety 
of congenital and acquired heart 
diseases which would have been incur- 
able 10 years ago, had been treated 
by Drew. Their body temperatures had 
been reduced well below those pre- 
viously regarded as lethal for man 


| using this method of inducing profound 


hypothermia. Now that suspended 
animation has been achieved for short 
periods for cardiac surgery Drew thinks 
that further investigation should ex- 
tend its applications and lead to 
simpler methods of achieving the same 
end. 

So far no method has been 
found in the laboratory for resuscita- 
ting mammals after more than two 
hours of arrested heart beat and 
circulation, whether the body tem- 
perature has been reduced from 
38° to 28°, 18°, 8°, O°C or even to 
temperatures below zero. We do not 
understand the exact reasons for this 
time limit and therefore there is no 
Immediate prospect of extending it. 
We feel that, at our present state of 
knowledge, moderate or severe hypo- 
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thermia would be of little help to space 
travellers, and could not be used to 
prolong the life span of a man. 


Preserving cells and tissues 


By contrast, a wide variety of mam- 
malian cells and tissues can now be 
preserved for periods far exceeding 
their normal life span in the body by 
treating them with glycerol or dimethyl 
sulphoxide or some other protective 
substance and then storing them either 
at —-79°C, the temperature of solid CO,, 
or else in liquid nitrogen at -190°C. For 
instance, Polge at Cambridge has kept 
glycerol-treated bull spermatozoa for 
seven years at -79°C. At intervals he 
has thawed samples and inseminated 
them into cows which as a result have 
become pregnant and have been 
delivered of normal calves. One bull 
which died six years ago after such 
treatment continues to act as a father. 

Eventually, perhaps, methods will be 
devised for treating whole organs or 
whole mammals with protective sub- 
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Fig. 5 Electrocardiograms obtained during 
cooling and rewarming a dog. 
Lancet, 1961.) 
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LA.: left auricle 


R.A: right auricle 
: LV.: left ventricle 


R.V.: right ventricle 


Fig. 6 Diagram showing method of cooling 
and rewarming. (C. E. Drew, 1961, British 
Medical Bulletin, vol. 17.) 


stances and storing them for long 
periods in the frozen state at very low 
temperatures. Meanwhile studies by 
Salt and others on frost-hardy insects 
have shown that some species actually 
manufacture glycerol within their 
bodies when the temperature 
falls in the autumn. The glycerol 
concentration in their blood 
and tissues rises to between 20 
and 40% and enables them to 
survive freezing under laboratory 
conditions or at the outdoor tempera- 
tures, which may fall as low as 50° 
below zero (-50°F = -45°C) in the 
depths of the Canadian winter. Other 
insects, including an Alaskan midge and 
intertidal molluscs of several species 
on the coast of Massachusetts, also 
survive repeated freezing and thawing. 

Another interesting phenomenon is 
the resistance to drying of certain 
micro-organisms. When completely 
dry they withstand temperatures above 
the boiling point of water and below 
the temperature at which helium is 
liquefied (-270°C). Hinton has re- 
cently shown that the larve of a 
Nigerian insect (Polypedilum vander- 
plankii Hint.) also withstand complete 
desiccation. When dry they survive 
exposure to 200°C for five minutes, 
and immersion in liquid nitrogen at 
~190°C. These comparatively complex 
animals are adapted to life in rock 
pools, which become dried up by the 
heat of the sun during the day and are 
replenished whenever it rains. 

The capacity to enter and remain for 
long periods in a state of latent life 
(otherwise known as anabiosis or 
cryptobiosis) under adverse natural 
conditions such as severe drought, 
intense heat and bitter cold may be 
essential for the survival of many 
species. This state of anabiosis might 
not be attainable and might not serve 
any useful purpose under natural or 
artificial conditions in man or any of 
the larger mammals. On the other 
hand, it is interesting and important to 
know about its occurrence in the lower 
animals on earth. A variety of poten- 
tially living creatures may be lying 
dormant on the moon or on other 
planets and might come to life if they 
were brought back to earth. Many 
mysteries about survival of life un- 
doubtedly remain to be solved by those 
who stay earthbound. 
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THE BOOKSHELF 


The Impact of the New Physics 


By Frank Hinman (Philosophical Library, 
Inc., New York, 1961, 174 pp., $4.50). 
The new physics came into being at the 
beginning of this century with Einstein’s 
relativity theory and Planck’s quantum of 
action. Thus the new physics is perhaps 
not so new any longer, though it has con- 
tinued to give us novel ideas and lead to 
fresh discoveries. So far as we can judge 
at the moment, its impetus is not yet 
spent ; indeed, physics is still growing at 
a rapid rate. Its impact on everyday life 
and on the other sciences is what most 
characterises our Atomic Age. The author 
wants to make clear how our world has 
been changed by physics, for it is only by 
understanding this change that we can hope 
to retain and develop those human values 
that make life worth living. 

The book is divided into two parts, 
dealing with the inorganic and the organic 
evolution. The mass-energy formula of 
the special theory of relativity has enabled 
the physicist to explain how atomic nuclei 
are built up from the elementary particles. 
We know now that nuclear reactions 
provide the energy which drives the 
universe. Quantum theory, on the other 
hand, has explained the Periodic Table : 
how the elements are built up from the 
elementary particles. Bohr’s model of the 
hydrogen atom, later refined in the 
theories of Schrodinger, Heisenberg and 
Dirac, has provided the key to our under- 
standing of the microscopic world, just as 
relativity theory has given us a new picture 
of the macroscopic world, of the space- 
time of the universe at large. Both these 
theories together explain the inorganic 
evolution : we can trace the development 
of matter, from the elementary particle 
and the hydrogen atom to the star and 
the galaxy. 

Once the elements are formed, more 
complex compounds can arise and with 
them, life. The most important factor in 
the spontaneous generation of living pro- 
cesses, so Dr Hinman says, is the phen- 
omenon of ionisation. Life itself is 
“structure-function”. Thus the energy 
stored up in the proteins, carbohydrates, 
etc. of the living substances is used to 
develop the organism. Inheritance is 
explained by the gene, which is a twin 
chemical structure called DNA; _ repro- 
duction and metabolism are chemical pro- 
cesses, the basis of which is found in 
electric charge. The electric charge, bound 
to law and order, as the author says, by 


458 


chemistry, forms the spark of life. Bio- 
logical evolution is continued in the social 
evolution which starts with language. Man 
becomes aware of himself, develops a 
mind ; and mind is brainwork, to use the 
author’s expression. Thus man_ has 
acquired untold potentialities of improve- 
ment. 

The book is a somewhat simple com- 
pilation of well known material. There 
are many inaccuracies, and it is difficult to 
share the author’s optimism about the 
future. However, the reader may find here 
some food for thought as well. 

E. H. HUTTEN 


Concepts of Medicine 

Edited by Dr Brandon Lush (Pergamon, 
286 pp., 50s.). 

Like the rest of our civilisation, medicine 
today is being transformed by science and 
socialism. Science is transforming medicine 
by revealing effective methods of pre- 
venting and treating disease, and by 
making specialisation necessary. Socialism 
is transforming medicine by bringing it 
under public control, as in the National 
Health Service. 

These changes raise many questions— 
some relating to medical research, others 
to practice, and others to education. In 
medical research, for example, how can 
workers in fields as diverse as cytology, 
surgery and statistics be integrated into 
teams capable of making important ad- 
vances? In medical practice, should the 
duties of family doctors be increased to 
include the routine care of mothers and 
children (now organised by the Local 
Authorities), or decreased by making 
specialists completely responsible for the 
care of children, pregnant women, the 
aged, and other groups? In undergraduate 
medical education, should the aim be 
comprehensiveness, which usually means 
producing doctors who are jacks of all 
specialities and masters of none ; or should 
the curriculum be made narrower and 
deeper, to give students a better knowledge 
of a few representative parts of medicine? 

As medicine is now a public service, all 
such questions must ultimately be answered 
by the public. They should therefore be 
of interest to everyone—and especially to 
the scientist, since it is largely because of 
the impact of science on medicine that 
they are being asked. 

“Concepts of Medicine” is an anthology 
of 27 articles in which some of these 
questions are considered by Himsworth, 


Pickering, Platt, and other distinguished 
British and American doctors and sciep. 
tists. All the articles were first published 
between two and 20 years ago, more than 
half of them in The Lancet. They are 
reprinted here in three groups. The first 
group, entitled “Concepts of Medicine”, 
is concerned largely with medical practice 
and education. The articles in the second 
group—‘‘Concepts of Health and Disease” 
—have two main themes : first that the 
distinction between health and disease js 
not clear cut, and second that disease is a 
manifestation of disturbances in the 
homoeostatic mechanisms which, in health, 
regulate all vital processes. The subject of 
the third group of articles is “Concepts of 
Medical Research”’. 

It may be unfair to question the editor's 
choice of articles, but he scarcely mentions 
some of the most important questions 
facing medicine today. For example, is it 
right that so much more attention should 
be devoted to the treatment of disease than 
to its prevention, in research, practice and 
education alike? As improved preventive 
measures have done much more than 
improvements in treatment to reduce the 
death rate, it seems surprising that this 
question has not received more attention. 
I. M. LECK 


Animals as Social Beings 
By Adolf Portmann, Professor of Zo- 
ology, University of Basle (Hutchinsons, 
London, 35s.) 
Dr Portmann, who is clearly as much 
poet and philosopher as he is zoologist, 
has written what must be one of the most 
readable and entertaining accounts of 
animal behaviour to be published in many 
years. In our world, where man has be- 
come increasingly cut off from his primal 
instincts and where his social life is both 
highly sophisticated and dependent on the 
abstractions of language, few things can 
be as refreshing as a glimpse into the 
structures of the simplest societies—of 
dragonflies and bees, of fish and spiders, 
of butterflies, sea elephants and apes, the 
whole Noah’s Ark of created life. 

Patterns of courting and mating, of 
warfare and rivalries, family structure, 
sensory perceptions, will, instincts, adap 
tation and _ differentiation to new 
environment—these and many other 
aspects of life, defined by Darwin and 
the early behaviourists, are shown to have 
subtler ramifications than were ever sup- 
posed. Dr Portmann leads us through 
them with an enchanted eye and a proper 
awe for the wonders of nature. 

He describes the iridescent ten-day life 
of the dragonfly, following two years sub- 
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merged as a larva—the male to hover like 
some exquisite toy over his square yard 
of territory, the female to join him, to 
couple with him in the air, the two of 
them finally to dip delicately into the 
water where, egg by egg, she deposits a 
future generation on the stalk of a float- 
ing lily. And what are we to make of the 
stickleback and the sea-horse, anomalies 
in the order of the sexes? In both cases 
the male, seizing the fertilised eggs laid 
by the indifferent females, nurtures them 
lovingly to fruition. 

Or are they anomalies? Couldn’t it 
perhaps be supposed that mother love, 
hymned by sentimentalists through the 
ages, is merely a gigantic hoax created 
to ease the lot of the indolent male? 
Gibbons are monogamous; father, 
mother, and half a dozen offspring make 
up a family. Christian man, too, is 
monogamous. Are we to take this as a 
virtue, as the truly “natural” structure of 
society? How dare we answer dogma- 
tically yes, when all other species of life 
contradict us by their example—often to 
the extent of adding cannibalism, incest 
and blithe promiscuity to their natural 
mode of behaviour! 

Can the uncanny swarming of locusts, 
the migration of bees, ants, swallows over 
great distances be attributed only to the 
instinct to survive, or is an element of 
learning included as well? Why do 
crocodiles and trout space themselves 
with regimental precision along their 
territory of water? Have they a sense of 
distance, of symmetry, a sense of neat- 
ness? Dr Portmann’s book poses the 
questions, and answers many of them 
with diffidence and humour. And perhaps 
most valuable of all, he relates his obser- 
vations of birds, fish, and mammals, 
always to the behaviour of that most 
antic creature of all—Homo sapiens. 

RAOUL ENGEL 


The Earth Today 

Edited by A. H. Cook and T. F. Gaskell 
(Oliver and Boyd, 404 pp., 80s.). 

This volume arises out of a special number 
of the “Geophysical Journal” issued in 
honour of the 70th birthday of Sir Harold 
Jeffreys. Though it is a summary of the 
Present state of geophysics, it deals in 
particular with the plasticity and elasticity 
of the Earth. 

Opening with aspects of the Earth’s 
gravitational field and of geodesy, it 
proceeds through seismology, interior and 
surface, to free oscillations of the Earth and 
so to the Earth’s thermal state, the com- 
Position of its mantle and the influence, or 
lack of influence, of the atmosphere and, 
Indirectly, of the hydrosphere on certain 
geoidal problems. A section on relevant 
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instruments, the Cambridge pendulum 
apparatus and electro-magnetic seismo- 
graphs, rounds off the volume. 

The topics discussed will interest those 
engaged in astronomy, physics, particularly 
geophysics, mathematics, mining engin- 
eering, geology and geomorphology. Yet 
in spite of its width it is essentially a 
specialist’s book which begins where the 
layman leaves off. Herein lies its strength 
and its appeal. It is most convenient to 
have in one manageable volume ‘“‘some of 
the most advanced work in geophysics at 
the present time’. But the editors have 
contrived to make the book much more 
than that. The format also caters for the 
knowledgeable beginner in so far as each 
article is prefaced by a brief summary of 
the findings and has an excellent biblio- 
graphy, up to late 1960 in date, as a pro- 
logue. In addition, the text where possible 
employs both graphical and _ statistical 
explanations, which should please readers 
who like visual as well as mathematical 
aids. 

R. P. BECKINSALE 


Elements of Modern Physics 

By P. L. Copeland and W. E. Bennett 
(Oxford University Press, 507 pp., 68s.). 
The book is divided into three sections. 
Part 1, “The Rise of Atomic Physics’, 
deals in a complete manner with the topics 
customarily included in any course on 
modern physics. Starting with classical 
kinetic theory we hear of the work of 
Thomson, Millikan, Planck, Bohr, Comp- 
ton, Bragg and the others who contributed 
to the great advances during the first quarter 
of this century and there is, of course, a 
chapter on special relativity. 

The second part, ‘Configurations of 
Electrons’, deals with wave mechanics. 
The treatment leans rather heavily on the un- 
certainty principle but makes no demands 
much greater than elementary calculus. 
After a discussion of the underlying ideas 
and their application to atomic structure 
and molecular binding the remaining 
space—more than half—is devoted to 
metals and, particularly, semiconductors. 
This is perhaps the least satisfactory 
section of the book. The concepts involved 
are unfamliar, and difficult in themselves, 
and it may not be possible to give an under- 
standable account of semiconductor 
theory to a student who first heard of wave 
mechanics three chapters ago. 

The third part, ‘‘Nuclear Physics”, is a 
very readable and straightforward account 
of radioactivity, neutrons and particle 
physics in general, with a final chapter on 
atomic energy and reactors. There is 
finally a group of 11 Appendices, occupying 
60 pages and dealing in more detail with 
some of the mathematical points. 


While it is doubtful if this would ever 
become a recommended text book for an 
English university student, either of 
physics or engineering, its merits could 
assuredly claim a place for it on the 
library shelves in both departments and 
even in the sixth-form library of the more 
enterprising schools. 

N. THOMPSON 


Teach Yourself Entomology 

By George E. Hyde (English University 
Press, 158 pp., 7s. 6d.). 

To present an elementary introduction to 
the many facets of entomological science 
in an interesting form that might prepare 
the serious student for a university course 
in the subject, or give the intelligent 
layman some idea of what entomology is 
all about, is a challenging task. I turned 
with interest to this book to see how the 
author had approached it. In fact he 
attempts none of these things. He presents 
a pleasantly written popular book about 
the more obvious British Insects which the 
collector is likely to meet. 

The Greek names of the orders are given 
but the reader is not disturbed by more 
than about half a dozen Latin names in 
the whole book. Half the book is devoted 
to the butterflies and moths and bees, 
wasps and ants; but the small orders 
come in fur brief mention ; and there is a 
chapter on collecting methods. 

For the amateur collector and field 
naturalist, the book makes pleasant 
reading. It is like meeting old friends. But 
it cannot properly be described as an 
introduction to entomology. 











Vv. B. WIGGLESWORTH 
B.Sc. 
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Study at Home 


The increasing importance of Science 
in industry, commerce and education 
opens up many worth-while opportu- 
nities for Science graduates. Wolsey 
Hall (est. 1894) provides postal tuition 
for the examinations leading to the 
B.Sc. degree of London University, 
for which residence at the University 
is not required. Prospectus (please 
mention examination or subject) from 
E. W. Shaw Fletcher, C.B.E., LL.B., 
Director of Studies, Dept. WM8, 


WOLSEY HALL 
OXFORD 
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Just published 


Organic Peroxides 
Their formation and reactions 


E. G. E. HAWKINS, B.sc., PH.D., 
F.R.1.C. This book summarises the 
result of the immense amount of 
research which has been carried out 
in this subject, particularly during the 
past three or four decades. The 
probable mechanisms of the reac- 
tions, ionic or radical, are presented. 
An account is given of the methods 
of analysis, of the separation and 
removal of peroxides and of the 
processes of autoxidation. The 
industrial applications are discussed. 
449 pages, 80s. net. 


Biochemists’ Handbook 


Prepared by 171 contributors, and edited 
by CYRIL LONG, M.a., B.SC., D.PHIL., 
F.R.S.E. Consultant Editors: Professor 
EARL J. KING, M.a., PH.D. D.SC.; 
Professor W. WARREN SPERRY, PH.D. 
1214 pages, £8 8s. net. 
‘If information is sought, one is 
almost certain to find it in the 
Biochemists’ Handbook—and even if 
it is not there, the references will 
indicate the source.’-—NATURE. 


The Second Edition, revised and 
expanded of 


Surface Activity 


The physical chemistry, technical appli- 
cations and chemical constitution of 
synthetic surface-active agents. 


J. L. MOILLIET, Ba., pHop.; B. 
COLLIE, B.sc., PH.D.; and W. BLACK, 
B.SC., A.R.I.C. 


‘Written by scientists intimately con- 
cerned with the applications of their 
subject, it is one of the most useful 
volumes in this field of physico- 
chemical principles and practice .. . 
an up-to-date version of an estab- 
lished text.—CHEMICAL AGE. 
534 pages, 75s. net. 


Physical Geography of Asiatic Russia 
By S. P. Suslov (W. H. Freeman, 594 pp., 
105s.). 

The body of Soviet geographical literature 
is vast, but the language barrier restricts 
knowledge of it to a few. It is, therefore, 
a matter of satisfaction that there should 
now be an English translation of Prof. 
Suslov’s excellent work on the physical 
geography of the U.S.S.R. beyond the 
Urals, one of the “classics” of Russian 
geography. 

Each of the 15 regions into which the 
author divides Siberia, the Far East and 
Central Asia is seen as possessing a basic 
unity of all its physical characteristics— 
geology, geomorphology, hydrography, 
climate, soil, vegetation and fauna. Not 
only are all these features described, but 
also the relationships and inter-actions 
between them are shown. In areas where 
they are of particular importance, special 
physical phenomena such as permafrost 
and seismology are considered at length. 

Suslov was very much alive to the close 
links between physical and economic 
geography, and his book demonstrates 
this awareness. The coal-mining of the 
Kuznets Basin, the Great Fergana Irriga- 
tion Canal, the cultivation of vegetables in 
the extreme north and many other econ- 
omic features are described, integrated 
with their physical setting. 

The English translation is, as_ the 
editorial foreword states, free. This makes 
the book very readable, but too often it is 
rather a loose approximation of the 
Russian, and in certain cases there has 
been a departure from the sense of the 
original. The illustrations include some 
of Suslov’s own field sketches and a 
number of photographs. 

R. A. FRENCH 


Progress in Aeronautical Sciences. Vol. 1. 

By Ferri, Kauchemann and Sterne (Per- 
gamon Press, 280 pp., 80s.). 

Like most other sciences, aeronautics has 
reached a stage where communications 
between specialists have broken down. 
This book is an attempt to encourage the 
scientist to grasp something of the sig- 
nificance of the work of his colleagues. It 
has contributions written in a fair degree 
of detail by the experts themselves, in 
English, French or German, and covers a 
wide field. There are English articles on 
the dynamics of ionised gases, the theory 
of sonic bangs, structural problems of 
aircraft pressure cabins and on_ the 
principles of aerodynamic design; French 
articles on supersonic aerofoil theory and 





on transonic flow over jet engine blades; 
and a German article on unsteady boundary 
layers and their application to the under- 
standing of hypersonic flows. 








The Weather and Climate of 
the British Isles 

By R. Kay Gresswell (Hulton Educationg| 
Publications, 142 pp., 12s. 6d.). 

This book, like its three predecessors jp 
the same series, is primarily intended for 
use in the middle and upper forms of 
grammar schools, but the author hopes 
that it will also prove to be of interest and 
value to adults. This hope seems justified, 
for the text is written in simple, non. 
technical language, supported by a lavish 
use of diagrams and photographs. 

The 13 chapters are divided into three 
sections. The first, under the heading of 
Meteorology, is concerned with the separate 
elements or component parts of weather. On 
the first page of the text reference is made to 
ultra-violet rays and to the fact that 
radiation from the ground is absorbed by 
clouds which in turn re-radiate back to 
the earth’s surface, but there is no mention 
of the very different wave lengths involved. 

Chapters VI-IX are concerned with 
weather recording, weather maps, air 
masses, the various pressure systems, and 
with thunder and lightning. 

The third section, comprising chapters 
X-XIII, is devoted to certain features of 
the climate of the British Isles. It is 
regrettable that the author states that 
“climate might be considered to be the 
average weather of a place”, and that an 
“average mean” has virtue because it 
“does away with any peculiar results we 
might have from one year only”. Such 
statements are completely inadequate, and 
one hopes that in any revision of this text 
space may be found for a firm statement 
to the effect that climate is something 
much more than a mere collection of 
mean values and that the variations from 
the mean are very often of much greater 
significance than the mean itself. 

F. G. HANNELL 


General Zoological Microtechniques 
By Frances M. Weesner (Bailliére, Tindal 
and Cox, 230 pp., 42s.). 
This book, ‘ta product of 10 years d 
teaching a general course in microscopit 
techniques”’, is a welcome exception to tht 
usual impersonal textbook. Its aims at 
not merely to inform, but also to teach and 
guide the beginner, and the treatment af 
the subject is entirely didactic, in the bes 
sense. 

While the scope of the book is deliber 


ately limited, it teaches the fundamentalf 


of the subject, introduces a strict laboratoy) 
discipline, warns of the difficulties mos 
commonly encountered—one of the mos 
useful sections of the book—trains th 
observing power and the critical facultié 
of the tyro and succeeds in laying a soli 
foundation for any future virtuoso. 
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Advances in Cryogenic Engineering, Vol. 6. 
By K. D. Timmerhaus (New York : 
Plenum Press, 662 pp., $15). 

Since their inception in 1954 the Cryogenic 
Engineering Conferences have become 
recognised as the occasions for presenting 
significant additions to low temperature 
engineering knowledge. Despite the 
increasing volume of material discussed the 
quality has been maintained ; also wider 
international participation is evident. The 
proceedings of the 1960 conference, re- 
ported in this volume, extend over more 
than 600 pages. 

Missile projects are responsible, directly 
or indirectly, for the lion’s share of the 
papers. Three papers describe marginal 
improvements in super-insulants for rocket 
tanks whilst one paper reports heat-inleak 
measurements for unlagged tanks. Much 
new material is reported on the discharge 
of cryogenic fluids by pressurisation ; 
reasonable solutions are offered to the non- 
steady-state heat transfer problem thus 
presented. A new liquid-level sensing 
device consisting of a heated helium gas- 
thermometer is described. 

+ A fascinating collection of miniaturised 
low temperature cooling units is currently 
emerging. These units stretch thermo- 
dynamic principles and engineering skill to 
the ultimate. The new A. D. Little units 


have been developed and refined. Air 
Products have exploited Joule-Thomson 
methods and the Martin Company is 
developing a new turbine-cooled refrigera- 
tor for rocket use. 

The application of superconductivity is 
the basis of many new devices. These 
include novel electric motors, with virtually 
zero-loss bearings and windings, a gyro 
with negligible friction, and high efficiency 
magnets and rectifiers. Successful experi- 
ments with motors are reported but a 
break-through is still needed to solve the 
gyro’s problems. 

Whilst industrial low temperature separa- 
tion processes play a minor role in the 
conference a few interesting papers were 
given. These include the separation of 
hydrogen from refinery fuel gases, hydrogen 
distillation, a comparison of the virtues of 
gas and liquid compression in oxygen 
plants, and a design paper dealing with 
regenerators. Also pertinent to this field 
are seven papers on the thermodynamic 
properties of pure substances and mixtures. 
A new equation of state for hydrogen is 
proposed, also a preliminary temperature- 
entropy diagram for neon. 

The final section of the proceedings is a 
group of eight papers dealing with mechan- 
ical properties of low temperature struc- 
tural materials. 





THE AUTHORS 


ROBERT W. HORNE (“The Architec- 
ture of Viruses”) is assistant director of 
research in the Electron Microscope 
Section of the Cavendish Laboratory, 
Cambridge. For the past five years he 
has been developing techniques for study- 
ing the structure of viruses in the electron 
microscope. 


DR P. WILDY is assistant director of 
the Medical Research Council Institute 
of Virology, Glasgow University. 


C. M. CADE (“Seeing by Heatwaves’’) is 
a research engineer with the Kelvin 
Hughes Division of S. Smith & Sons 
(England) Ltd. At present he is working 
on infrared and radar aids to navigation 


DR IAN WOOTTON (“The Automation 
of Medical Analysis”) is Reader in 
Chemical Pathology at the Post-graduate 
Medical School of London University (at 
the Hammersmith Hospital). He is 
currently working on toxic factors occur- 
ring in acute uraemia and, with Professor 
E. J. King, is the author of “Micro- 
analysis in Medical Biochemistry.” 


DR RICARDO MILEDI (“From 
Nerve to Muscle”) is a lecturer in the 


OVERY 


Biophysics Department of University 
College, London. Educated in Mexico, 
he worked there and in Australia before 
coming to London. After working on 
heart muscle, he is now studying the 
regeneration of nerve and muscle and the 
chemo-receptive properties of cell 
membranes. 


DR JOHN GRAHAM WHITE (“Learn- 
ing and Memory in Old Age’’) is Lecturer 
in Clinical Psychology at the Queen’s 
University of Belfast, and consultant 
psychologist to the Northern Ireland 
Hospitals Authority. Before his present 
research on the cognitive abilities and 
social activities of the over-60’s, he 
worked on brain damage in children and 
adults. 


DR AUDREY SMITH (“Cooling Ani- 
mal Life’) is on the scientific staff 
of the National Institute for Medical 
Research, Mill Hill, London. Educated 
at King’s College, London, she was for a 
time house physician at King’s College 
Hospital, and is now working on the 
effects of low temperature on cells, tissue, 
organs and whole animals. 


The classification and arrangement of 
material within the volume is poor, though 
there is an admirable cumulative subject 
index covering all six cryogenic conferences. 

G. G. HASELDEN 


Soviet Research in Glass and Ceramics. 
Vols. 1-3. 
(Consultants Bureau Enterprises, New York, 
1,305 pp., $80). 

This is a selection of papers on ceramics 
chosen from seven Russian journals 
devoted to colloid, physical and general 
chemistry. There is no startling difference 
between the topics covered and those 
one might find in the relevant literature 
published in English, but there is a tendency 
for the papers to be short. 

One interesting review paper, ‘‘ Forty 
Years of Soviet Science in the Fields of 
Silicate Chemistry and Technology,” 
stresses the impact of the scientific work 
on these industries. The topics mentioned 
in this article show how closely the Soviet 
work is paralleled by work in other parts 
of the world. The general impression is 
one of very active research programmes 
associated with the glass, refractories, 
structural ceramics, cement and the non- 
metallic mineral industries as a whole. 
There is also a strong indication of excellent 
cooperation between the laboratories and 
the industries which they serve. 
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LETTERS TO, 


Formation of Galaxies 
Sir: 

The solution of the problem posed in 
the title of Dr. Davidson’s article in your 
May issue (“ The Character of the Uni- 
verse’) may after all be simpler than 
his article would suggest. For example, 
if the formation of the spiral arms 
depends on a process which proceeds 
more quickly the smaller the galaxy, then 
one might expect that the spiral arms 
would be found to have reached their 
latest stage of development in the sense 
of Hubble’s original scheme (see dia- 
gram), that is Type Sc, in the smallest 
galaxies. The next largest galaxies would 
be those of Type Sb, and the biggest 
galaxies of all in which the process of 
formation of the spiral or irregular arms 
had not even started would be those of 
Types EO to E7. This is just what is 
actually observed, and is just what is to 
be expected on the electric field and dis- 
charge theory of galactic evolution. 

The time to build up the electric field 
to breakdown in a terrestrial thunder- 


THE EDITOR 


cloud is of the order of 10? sec. The 
corresponding time estimated on this 
basis to be required in the extensive dust- 
filled atmospheres of the long-period 
variable stars is 10° to 10° sec., and is 
observed to be 107 to 10° sec. The time 
required in galactic atmospheres will be 
much greater, and will be greater for 
larger galaxies. The inference therefore 
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ELLIPTICAL NEBULAE 


cee | 


a =< 


Bap 
RED SPIRALS 


The Sequence of Nebular Types 


is that there has been insufficient tume 
since “creation” for the electric fields 
to build up to the breakdown value ip 
the largest galaxies, which are still with. 
out a trace of spiral arms, although they 
are the oldest galaxies. One of them in 
which breakdown is in its early stages js 
the globular nebula NGC 4486, which, 
as a result of this electrical breakdown 


of its atmospheric field, is the radio 
source Virgo A. 
The observation that there is ap 


increase in size from Hubble’s Type §¢, 
through Types Sb and Sa to Type Ep, 
has been misinterpreted, in the writer’ 
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FANMAIL.... 


is something we enjoy with film stars, 
rock ’n rollers and other modern 
phenomena, but we have been doing 
it for a lot longer. 

We have been designing and making 
fans for over 80 years, and there is 
now a “ Sirocco”’ answer to every prob- 
lem involving the movement of air or 
other gases. 

That is why you'll find “Sirocco” 
fans and ancillary equipment in so 
many factories, coalmines and power 
stations, not only in Britain, but over- 
seas. 

Our extensive range of technical 
literature is freely available on request. 
It is not intended to be entertaining, 
but strictly functional. 
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Nelson’s Atlas of the 


UNIVERSE 
by 
Br ERNST and Tj E. DE VRIES 
edited by H. E. BUTLER MA PhD 


preface by 
H. A. BRUCK DPhil. PhD 
Astronomer Royal for Scotland 


An up-to-date guide to space and the 
stars. The first part of the book consists 
of over 200 photographs with long in- 
formative captions, a brief history of 
astronomical studies, and an ever broad- 
ening view of the Universe. The second 
part describes in alphabetical order all 
aspects of astronomy and related topics 
from Ptolemy to artificial satellites, 
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94 plates, over 200 charts and diagrams 
in the text. 
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opinion, as indicating that individual 
galaxies grow in size and evolve from 
Type Sc to Type EO. This view leaves 
entirely unsolved the problem of the 
origin of the spiral and irregular arms, 
and the writer has shown in a forthcom- 
ing paper in the Journal of the Franklin 
Institute that they cannot result from 
rotation, which is the cause to which 
they are usually vaguely attributed. 

I may mention that the forthcoming 
paper just referred to also accounts for 
the existence of two stellar populations 
in galaxies, and for the observed dif- 
ference in their atomic constitution. It 
also yields a theoretical value for the 
total energy liberated during the lifetime 
of a radio galaxy which is in close accord 
with existing estimates based on the 
observed rate of energy from Virgo A. 
Its predecessor in the same Journal 
in January this vear described the 
successful theoretical prediction of the 
existence of spiral and barred-spiral 
nebulae on a stellar scale, which, to the 
writer’s surprise and gratification, and 
thanks to a suggestion from Dr. Merrill 
of Mount Wilson Observatory, was found 
to be confirmed by photographs taken at 
Lick Observatory 42 years earlier. 

C.E.R. BRUCE 
E.R.A., Cleeve Road, 
Leatherhead, Surrey 


Supernovae—What Chances? 
Sir: 

In the article “ The Prospects and Con- 
sequences of a Major Stellar Explosion,” 
(Discovery, August 1961) the author was 
entirely unrealistic. Galactic supernove 
are very rare events occurring at inter- 
vals of the order of centuries. 


The galaxy is thought to have 
a diameter of 25,000 parsecs so the 
chance of a supernova occuring at the 
distance of ten parsecs in the near future 
is negligible. 

N. FRIEDJUNG 

33 Appledore Avenue, 
Ruislip, Middlesex 

Mr. Cade writes: 
The interval of 150 years quoted in the 
article is quite simply derived from the 
table of known explosions, and is there- 
fore quite factual. With reference to 
the comment that the galaxy occupies a 
very large volume of space, whereas that 
contained within a radius of 10 parsecs 
from the Sun is quite small, this is per- 
fectly valid. The point here is that, pro- 
vided there exists within any particular 
volume of. space a population of stars 
whose mass exceeds the Chandrasekhar 
limit, the next galactic explosion is just 
as likely to occur in any one particular 
volume of space as in any other. 


Supernovae and Mutations 
Sir: 

In his article “The Prospects and Con- 
sequences of a Major Stellar Explosion” 
Mr. Cade writes of the great radio 
energy reaching the earth from remnants 
of supernovae, and says that since there 
has not been one in our galaxy recently, 
“the full impact of these titanic explo- 
sions is quite unknown.” Presumably 
the radiations from an exploding super- 
nova would be accompanied by streams 
of nucleons, and these could have impor- 
tant biological effects. Supernovae may 
have caused mutations, thus playing an 
important part in evolution. Ancient 
records may show a high incidence of 
plagues following sightings of supernovae 
if the particles travel at velocities near 
that of light; the ancient superstition that 
stellar events are portents of disaster may 
thus have some basis in fact. Studies 
of such ancient records might give some 
indication of the effects to be expected 
from radiations, and how much radio- 
activity a human being can safely stand. 
This, if fruitful, would be a valuable con- 
tribution to the currently popular pas- 
time of calculating how many atomic 
bombs we may use in the next year. 

R. A. WALDRON 
Koivala, Seven Ash Green, 
Springfield, Essex 
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chemistry degree course. 
spectroscopy. 


is atomic spectroscopy. 
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SPECTROSCOPY 
Vol | — Atomic, Microwave and Radio-frequency Spectroscopy 
By S. WALKER, M.A., B.Sc. and H. STRAW, B.Sc. 


This two volume work will cover more than the normal requirements for a 
This volume deals with four branches of 
Three of these — microwave, electron spin resonance and 
nuclear magnetic resonance have all evolved since 1945 and the fourth 
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APPOINTMENTS VACANT 





BUILDING RESEARCH STATION 
(D.S.I.R.) Garston, Watford, Herts., requires 
Scientific/Senior Scientific Officers (4), for 
research in: 


(i) Performance and design of concrete 
structures in nuclear engineering in- 
cluding prestressed concrete pressure 
vessels; 


(ii) Special problems in design of rein- 
forced concrete and prestressed con- 
crete structures including bridges; 


(iii) Design of multi-storey building 
frames and effects of the interaction 
of frames, walls and floors; 


(iv) Assessment of loading on structures 
particularly of wind loading on tall 
buildings. 


Work will usually require theoretical 
studies, laboratory investigations (for which 
extensive facilities exist) and observations 
of the behaviour of actual structures from 
construction onwards. Quals. Ist or 2nd 
Class Hons. Degree in civil or structural 
engineering. For S.S.O. at least 3 years 
post grad. exerience and minimum age 26. 
Salary ranges S.O. £717-£1,222, S.S.O. 
£1,302-£1,654. Forms from above address 
= BRS 22W. Closing date October 16, 
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APPOINTMENTS VACANT 





RESEARCH OFFICERS AND LIAISON 
OFFICER 


Required by the West African Building 
Research Institute on contract for two 
tours of between 12 and 24 months in the 
first instance. Salary according to qualifi- 
cation and experience in scale £1,248 a 
year rising to £2,388 a year. Free passages 
for officer and wife. Assistance towards 
children’s passages or grant up to £300 a 
year if educated in U.K. Liberal leave on 
full salary. Quarters provided at moderate 
rental. Women candidates must be single. 


(A) Research / Senior Research Officer 
(Materials Division). 


M3B/53576/DI to conduct research at 
Zaria, N. Nigeria on the durability of local 
and imported materials used in the con- 
stitution of building and civil engineering 
structures. Candidates must possess a good 
honours degree in any Science and have 
had not less than two years post-graduate 
training or approved scientific research. 


(B) Research / Senior Research Officer— 
Soil Mechanics. 


(Structure Division) M3B/53577/DI to con- 
duct research at Accra, Ghana, on the 
engineering properties of tropical soils and 
the design of foundations. Candidates must 
possess a good honours degree in Science, 
Civil or Mechanical Engineering and have 
had not less than two years post-graduate 
training or approved scientific research. 


C) Liaison Officer at Enugu, E. Nigeria. 
M3B/53579/DI to further the interchange of 
information and advice between the Insti- 
tute and the building and construction indus- 
try in West Africa, and carry out surveys, 
enquiries, and field research. Candidates 
must possess either a good honours degree 
in Science and have had not less than two 
years post-graduate research experience, or 
be qualified Architects (ARIBA) or Civil 
Engineers (AMICE) with not less than five 
years tropical experience. 


Applications to CROWN AGENTS, 4 Mill- 
bank, London, S.W.1, for application form 
and further particulars, stating age, name, 
brief details of qualifications and experience 
and quoting the reference number of the 
post concerned. 





BUILDING RESEARCH STATION (D.S.I.R.) 


Garston, near Watford, Herts., requires 
Physicist as  Scientific/Senior Scientific 
Officer for work on problems of air move- 
ment, stratification and mixing processes 
basic to an understanding of ventilation in 
buildings. The movement of air is one of the 
classical topics of building physics, Quals. : 
Ist or 2nd Class Honours Degree in Physics. 
For S.S.O. post min. age 26, and at least 
three years post-graduate research experi- 
ence in field of aerodynamics, fluid flow or 
meteorology. Interim salary ranges S.O. 
£717-£1.222. SSO. £1,302-£1,654. Forms 
from Director, above address quoting BRS 
19Y. Closing date October 30, 1961. 








APPOINTMENTS VACANT (cont.) 





OPTICAL MASERS 
NATIONAL PHYSICAL LABORATORY, 
Teddington, Middlesex, requires Senior 
Scientific Officer/Scientific Officer to work 
as experimental Physicist on solid state 
optical masers and their applications in 
physical optics. Experience in spectro- 
scopy or in low temperature techniques 
desirable but not essential. Quals: Ist or 
2nd Hons. degree in physics or equiv. For 
the Senior Scientific Officer grade, at least 
three years post graduate research experi- 
ence required. Interim Salary ranges: 
Scientific Officer £773-£1,267. Senior 
Scientific Officer £1,392-£1,714. 

Post unestablished with the possibility of 
establishment through the Civil Service 
Commission whilst remaining under 29 
(Scientific Officer) and 32 (Senior Scientific 
Officer). Forms from Director at above 
address. Closing date October 23, 1961. 





RESEARCH/SENIOR RESEARCH OFFICER 
(Sociology) 


BRaQURED by the West African Building 
Research Institute for service at Accra, 
Ghana, to conduct research on the social 
aspects of the Institute’s research on hous- 
ing with particular reference to the require- 
ments of African occupants. Appointment 
will be on probation for admission to the 
permanent and pensionable staff. 

Salary according to qualifications and 
experience in scale £800 a year rising to 
£1,700 a year. Free passages provided for 
officer, wife and up to three children on first 

Apply to CROWN AGENTS, 4 Millbank, 
London, S.W.1., for application form and 
appointment and free leave passages to 
country of domicile once in every three 
years. Quarters provided at moderate 
rental. 

Candidates must be West African, possess 
a good honours degree in Sociology and if 
possible have had two years post-graduate 
experience. Women candidates must be 
single. 
further particulars, stating age, name, brief 
details of qualifications and experience and 
quoting reference M3B/53578/DI. 





RESEARCH FELLOWSHIPS 


Vacancies exist for Research Fellows to 
work on the Tandem Van de Graaff 
generator, A.W.R.E., Aldermaston. 


The programme currently includes studies 
of charged particle reactions using proton, 
deuteron and triton beams with energies up 
to 14.5 MeV, heavy ion Coulomb exc'tation 
using 45 MeV oxygen ions and measure- 
ments of nuclear lifetimes. Plans for the 
installation of a pulsed injector of novel 
design to enable the Tandem generator to 
be used for neutron time of flight experi- 
ments are at an advanced stage. 


Candidates for Research Fellowships 
must offer proof of their ability to carry out 
original research in Nuclear Physics and 
would normally be expected to be in 
possession of a Ph.D. degree. 


Please write for further details to the 
Senior Recruitment Officer, A.W.R.E., 
U.K.A.E.A., Aldermaston, Berks., quoting 
ref. 2974/47. 








APPOINTMENTS VACANT (cont) 





APriicaTions are invited for appomt. 
ment as a full-time narrator at The 
London Planetarium. Applicants must haye 
a sound general knowledge of astronomy 
and the ability to impart it. A classical 
background and a good speaking voice are 
distinct advantages. For further details 
please apply in writing to Dr. H. ¢ 
King, The London Planetarium Co. Ltd, 
Marylebone Road, London, N.W.1. 





PATENT EXAMINERS AND PATENT 
OFFICERS. 


Pensionable posts for men or women for work 
on the examination of Patent applications, 
Age at least 20 and under 29 (36 for Examiners) 

on 31/12/61, with extension fer regular} 
Forces service and Overseas Civil Service, 
Qualifications : normally a degree, or a 
Diploma in Technology, with first or second 
class honours in physics, chemistry, engineering 
or mathematics, or equivalent attainment, or 
professional qualification, e.g., A.M.LCE, 
A.M.I.Mech.E., A.M.LE.E., A.R.LC, } 
A.Inst.P. Inner London Salary £793 to 

£1,719 ; provision for starting pay above 
minimum. Promotion’ prospects. Write 
Civil Service Commission, 17 North Audley 
Street, London, W.1., for application form, 
quoting S/128/61, and stating date of birth. 





SPACE RESEARCH 


Two Physicists (men or women) required as 
Experimental Officers (min. age 26) for the 
Royal Aircraft Establishment’s Space 
Research programme at (a) Aberporth, 
Cardiganshire and (b) Bramshott, Nr. Farn- 
borough, Hants. Quals.: Pass degree, 
H.N.C., Grad. Inst.P., or equiv. Applicants 
must be experienced in handling and use of 
precision mechanical instruments; have 
interest in astronomy, and ability to deal 
with simple electrical and electronic equip 
ment. Work involves irregular hours and 
observations at any hour of night. The 
officers appointed will organise and cary 
out, with assistance, routine observations of 
artificial satellites with high precision 
photogrammetric equipment including har- 

monisation of observations with Universal 
Time to high accuracy. In addition, at} 
Bramshott, they will assist in research and | 
development of appropriate photogram-| 
metric methods. Salary Range: £1.087- 
£1,336. Write to Mr. M. J. Lighthill, F.R5, 
Director, R.A.E., Farnborough, Hants, 
quoting reference M.O.A. HC/2D/714. 





SOCIETIES 


FORTHCOMING MEETINGS } 


October 2-6, 1961: 12th Congress of the 
International Astronautical Federation, 
Washington D.C. 


November 10, 1961: Photography from} 
Rockets and Satellites. R. Hall. 


November 22, 1961: One-day Symposium 
on “Materials in Space Technology. 
9.30 a.m.-5.30 p.m. 


December 2, 1961: International Law Extra 
terrestrially applied. Dr. Bin Cheng. 


Full programmes from 
L. J. CARTER, Secretary, 
The British Interplanetary Society 
12 Bessborough Gardens, London, S.W.1. 
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MORGAN REFRACTORIES LTD., NESTON, WIRRAL, CHESHIRE. Telephone: Neston 1406 
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Highland fling in North-East India 


When the occasion calls for celebrations at Gomia, in the 
Indian state of Bihar, Scottish reels sometimes alternate 
with stately classical dances. For this remote tract of 
jungle, where leopards prowl and the summer shade 
temperature reaches a shimmering 110°F., contains India’s 
first blasting explosives factory — designed and set in 
operation by experts from I.C.I.’s explosives factories in 
Scotland, who have helped to train the Indian operatives. 

The factory provides India with the explosives she 
needs to blast tunnels and harbours out of solid rock, 
to excavate reservoirs and to win coal, iron ore and gold 


Pe > 
PRISHH 


from the earth. Built by I-C.I. in partnership with the 


Government of India, it is the latest expression of a policy~ 


that has already fostered the production of blasting” 


explosives in Africa, to serve the great goldfields ; in 
Australia, to provide the blasting power for mineral 
mining and ambitious hydro-electric schemes ; in Canada, 
to make possible such projects as the St. Lawrence 


Seaway. I.C.I. technicians with a lifetime’s experience™ 


of explosives manufacture are playing a notable part in” 
a world where the power of explosives can open up new 7 


vistas of prosperity. 


The influence of I.C.I. research and production 
is felt today in every corner of the globe 


Imperial Chemical Industries Ltd., London, S.W.1 
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